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METHOD AND APPARATUS FOR CASING EXPANSION 

Cross Refereoce To Related Applications 
This sq^plication clatms fhe b^efit of fhe filing date of U.S. provisional patent 
q>plication serial number 60/237334, attorney docket number 25791.48, filed on 
10/272000. 

S This qiplication is related to the fi>llowing co-pending ^plications: (1) U.S. patent 

appUcation serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent q>plication s^ial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. pat^t application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney 

10 docketno. 25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 
09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 
application smal no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent application serial no. 09/5 1 1,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 

15 25791. 17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attomey 
docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 
provisional patent ^plication serial no. 60/162,671, attomey docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attomey docket 

20 no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serialno. 
60/159,082, attomey docketno, 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent ^plication serial no. 60/159,039, attomey docket no. 25791.36, filed on 
10/12/1999, (IS) U.S. provisional patmt application serial no. 60/159,033, attomey docket 
no.' 25791.37, filed on 10/12/1999, (16) U.S. provisional patait application s^ial no. 

25 , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorn^ docket no. 2579L39, filed on 

11/12/1999, (18) U.S. provisional patent 5?jpKcatioa serial no. , attomey 

docketno. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent £q>pUcation serial no. 
, attomey docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

30 provisional patent application serial no. ^ attomey docket no. 2579 1 .47, 
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5 casings fhat are fomedusmg expandable^ 

Conventionally, when a wellboie is created, a numbo: of casings are installed in the 
borehole to prevent coll^se of the borehole wall and to prevent undesired outflow of 
drilling fluid into the formation or inflow of fluid fiom &e formation into the borehole. 
Tlie bordiole is drilled in mtervals whereby a casing vrbich is to be installed in a lower 

10 borehole interval is lowered tbrougji a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the low^ interval is of smaller 
diameter than the casing of the upper interval. Thus, the casings are in anested 
arrangemrat with casmg diameters decreasing in downwaird direction. Cem^t annuli are 
provided between the outer sur&ces of the casings and the borehole wall to seal the 

1 5 casings firom the borehole wall. As a consequence of this nested arrangem^t a relatively 
large borehole diameter is required at ttie upper part of the wellbore. Such a large 
borehole diameter involves increased costs due to heavy casing handling equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, increased 
drilling rig time is involved due to required cement pumping, cement hard^iing, required 

20 equipment changes due to large variations in hole diameters drilled in the course of the 
well, and the large volume of cuttings drilled and removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores. 



and radially expanding a tubular member is provided that includes means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
diameter, and means for plastically deforming and radially expanding a second portion of 
the tubular member to a second outside diameter. 



deforming and radially &q>anding a tubular monber is provided that includes a tubular 
support member including a first fluid passage, an e3q)ansion cone coi^led to the tubular 



25 



Summary of the Invention 
According to one a^>ect of flie invention, an apparatus for plastically deforming 



30 



According to another Bsped of the present invention, an apparatus for plastically 
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siq>poit membCT having a second fluid passage fluidicly coiqpled to the first fluid passage 
and an outer conical suiftce, a removable annular conical sleeve coi^led to the outer 
conical sui&ce of the expansion cone, an annular expansion cone launcher coupled to the 
conical sleeve and a lower portion of the tubular member* and a ^oe having a valveable 
5 passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present Invention^ a method of plastically 
defonning and radially eTcpanding a tubular member is provided that includes plastically 
deforming and radially e^^anding a portion of the tubular member to a first outside 
diameter, and plastically defonning and radially expandmg anoflier portion of fbc tubular 

1 0 member to a second outside diameter. 

According to another aspect of the present invention, a method of coq)ling a first 
tubular member to a second tubular member is provided that includes plastically 
deforming and radially e?^anding a first portion of flie first tubular membo* to a first 
outside diameter, plastically deforming and radially expanding another portion of the first 

1 S tubular member to a second outside diameter, positioning the second tubular member 
inside the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 

20 tubular members after the plastic deformations and radial expansions are substantially 
equal. 

According to another aspect of the present invention^ an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular memb^ to a 

25 first outside diameter, means for plastically defonning and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the first 
portion of the first tubular mmiber, means for plastically deforming and radially 
expanding tiie second tubular mmtber to a third outside diameto*, and 

30 means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 
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According to another aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes means for supporting a tabular 
member within the wellbore, means for plastically defonning and radially expanding a first 
portion of the tubular member to a first outside diameter, and means for plastically 
S defomiing and radially ^anding a second portion of the tubular member to a second 
outside diameter. 

According to anotfa^ aspect of flie present invention, an apparatus for forming a 
wellbore casing wifliin a wellbore is provided tiiat includes a tubular support memb^ 
including a first fluid passage, an expansion cone coi:q)led to the tubular si^ort member 

1 0 having a second fluid passage fhiidicly coupled to the first fluid passage and an out^ 

conical surface, a removable annular conical sleeve coiQ>led to the outer conical sur&ce of 
the e(7q)ansion cone, an annular expansion cone launcher coupled to the conical sleeve and 
a lower portion of the tubular member, and a shoe having a valveable passage coupled to 
an end of the expansion cone launcher. 

15 According to another aspect of the present invention, a method of forming a 

wellbore casing within a wellbore is provided that includes supporting a tubular member 
within a wellbore, plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter, and plastically deforming and radially expanding 
another portion of the tubular member to a second outside diameter. 

20 According to another aspect of the present invention, a method of forming a mono- 

diameter wellbore casing within a wellbore is provided that includes siq)porting a first 
tubular member within the wellbore, plastically defonning and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming and 
radially expanding another portion of the first tubular manber to a second outside 

25 diameter, positioning the second tiibular member inside the first tubular m&aaber in 

overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular m^nber to a third outside diameter, and 
plastically deforming and radially e3q>anding the second tubular member to a fi^urth 
outside diamet^. The inside diameters of the first and second tubular members after the 

30 plastic deformations and radial expansions are substantially equaL 

According to another aspect of the present invention, an apparatus for coiqiling a 
first tubular member to a second tubular member is provided that includes means for 
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plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diametCT, means for positioning the 
second tubular membo: inside the first tubular membo: in overls^ping relation to the first 
5 portion of the first tubular member, means for plastically deforming and radially 
e)q)anding fiie second tubular monber to a third out^de diameter, and 
means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diamet^. The inside diameters of &e first and second tubular members 
after the plastic deformations and radial ei^ansions are substantially equal. 

10 According to another aspect of the present invention, an apparatus for plastically 

deforming and radially expanding a tabular member is provided that includes means for 
providing a lipped portion in a portion of the tubular m^bor, and means for plastically 
deforming and radially expanding another portion of the tubular member. ' 

According to another aspect of the present invention, an qiparatus for plastically 

1 5 deforming and radially expanding a tubular member is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coi^led to the tubular 
support member having a second fluid passage fluidicly coupled to the first fluid passage 
and an outer conical surface, an annular expansion cone launcher including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 

20 coupled to the first annular portion that mates with the outer conical surface of the 

expansion cone, a third annular portion coupled to the second annular portion having a 
first outside diameter, and a fourth annular portion coupled to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than the first 
outside diameter, and a shoe having a valveable passage coupled to fourth annular portion 

25 of the expansion cone launcher. 

According to anotfao- aspect of the present invration, a method of plastically 
deforming and radially sanding a tabular m^b^ is provided tiiat includes providing a 
lipped portion in a portion of the tubular memb^, and plastically deforming and radially 
expanding anotii^ portion of the tubular member. 

30 According to anotiier aspect of the present invention, a method of coupling a first 

tubular member to a second tubular memb^ is provided that includes providing a lipped . 
portion in a portion of the first tubular member, plastically deforming and radially 
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expanding another portion of the first tubular member, positioning the second tubular 
member inside the first tubular memb^ in overlapping relation to the lipped portion of the 
first tubular memba*, and plastically defomiing and radially expanding the second tubular 
member. The inside diamet^ of the first and second tubular members after the plastic 
S deformations and radial expansions are substantially equal. 

According to another aspect of ttie i»resent invention, an iq)paratus for coupling a 
first tubular member to a second tubular monber is provided that includes means for 
providing a lipped portion in the first tubular member, means for plastically defomiing and 
radially expanding another portion of the first tubular memb^, means for positioning the 
10 second tubular member inside the first tubular member in overlapping relation to tiie 
lipped portion of the first tubular member, and means for plastically dejBomung and 
radially expanding the second tubular member. The inside diameters of the first and 
second tabular members after the plastic deformations and radial expansions are 
substantially equaL 

1 S According to another aq>ect of the present invention, an apparatus for forming a 

wellbore casing witiiin a wellbore is provided that includes means for supporting a tubular 
member within the wellbore, means for providing a tipped portion in the tubular manber, 
and means for plastically defomiing and radially expanding another portion of the tubular 
member to a second outside diameter. 

20 According to another aspect of the present invention, an apparatus for forming a 

wellbore casing within a wellbore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular svqpport member 
having a second fluid passage fluidicly coiq>led to the first fluid passage and an outer 
conical surface^ an annular expansion cone launcher including: a first annular portion 

25 coupled to a low^ portion of the tubular member, a second annular portion coupled to the 
first annular portion that mates with the outer conical sur&ce of the expansion cone, a 
third annular portion coupled to the second annular portion having a first outside dianiet^, 
and a fourth annular portion coiQ}led to the third annular portion having a second outside 
diameter, wherein the second outside diameter is less than tiie first outside diameter, and a 

30 shoe having a valveable passage coi^led to fourth annular portion of the expansion cone 
launcher. 
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According to another aspect of the present invention, a method of forming a 
wellbore casing in a wellbore is provided that inchides siqiporting a tubular member 
within the wellbore, providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion ofUxo tubular member. 

According to another aspect of the present invoition, a method of forming a mono- 
diameter wellbore casing within a wellbom is provided fiiat includes siqiporting a jSrst 
tubular member wi&m &e wellbore, providing a hppod portion in a portion of the first 
tubular member, plastically deforming and radially expanding anotfa^ portion of the first 
tubular member, positioning the second tubular member inside the first tubular member m 
overlying relation to the lipped portion of the first tubular member, and plastically 
deformii^ and radially expanding the second tubular monber. The inside diameteis of 
the first and second tubular members after the plastic de&nnations and ladial expansions 
are substantially equal. 

According to another aspect of the present invention, an ^paratus for forming a 
mono-diameter wellbore casing within a wellbore is provided that includes means for 
providing a lipped portion in the first tubular member, means for plastically defonning and 
radially expanding another portion of the first tubular memb^-, means for positioning the 
second tubular member inside the first tubular member in overl^ping relation to the 
lipped portion of the first tubular member, and means for plastically deforming and 
radially expanding the second tubular member. The inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal 

According to another aspect of ttie present invention, an ^Tparatus for plastically 
deforming and radially expanding a tubular monber is provided that includes means for 
plastically defonning and radially expanding a first end of die tubular member, and means 
for plastically deforming and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, an ^paratus for plastically 
deforming and radially expanding a tubular member is provided that includes a tubular 
si^port member including a first passage, an es^ansion cone coupled to the tubular 
siq>port Baving a second passage fluidicly coiq)led to the first passage and an outer conical 
siu::&ce» an annular expansion cone launcher movably coupled to outer conical sur&ce of 
the expansion cone, an expandable tubular memb^ coupled to an end of the annular 
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expansion cone launcher, a shoe coupled to anoth^ end of the annular expansion cone 
launcher having a valveable fluid passage, and another anniilar expansion cone movably 
coipled to the tubular support member. The annular expansion cones are positioned in 
opposite orimtations« 

S According to another a^ect of the present invention* a mefliod of plastically 

defonnmg and radially esqianding a tubular member is provided that includes plastically 
deforming and radially sanding a first end of the tubular member, and plastically 
deforming and radially e3q)anding a second end of the tubular member. 

According to another aspect of the present invention, a mdhod of coiqiling a first 

1 0 tubular member to a second tiibular memb^ is provided fbat includes positioning the 
second tubular member inside the first tubular member in an overlying rdationship, 
plastically deforming and radially expanding the end of the second tubular member diat 
ovo^laps with the first tubular member, and plastically deforming and radially expanding 
the remaining portion of the second tubular membo:. 

IS According to ano&er aspect of the present invration, an apparatus for coupling a 

first tubular member to a second tubular member is provided diat includes means for 
positioning the second tubular member inside the first tubular member in an overlapping 
relationship, means for plastically deforming and radially expanding the &id of the second 
tubular m^b^ that overl^s with the first tubiilar member, and means for plastically 

20 deforming and radially expanding the remaining portion of the second tubular member. 

According to another aspect of the present invention, an q>paratus for forming a 
wellbore casing within a wellbore is provided that includes means for supporting a tubular 
member within the wellbore, means for plastically deforming and radially expanding a first 
end of the tubular member, and means for plastically deforming and radially expanding a 

2S second end of the tubular member. 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casing widun a weUbore is provided that includes a tubular support member 
including a first passage, an expansion cone coupled to the tubular siqyport having a 
second passage fluidicly coiq)led to thp first passage and an outer conical surface, an 

30 annular expansion cone launcher movably coiq>led to outer ccmical surfoce of the 
e7q>ansion cone, an expandable tubular member coupled to an end of the annular 
e?q)ansion cone launcher, a shoe coupled to another end of the annular expansion cone 
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launcher having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned in 
opposite orientations. 

According to another aspect of the present invention, a method of forming a 
S wellbore casing within a wellbore is provided that includes plastically defomiing and 
radially expanding a first rad of the tubular member, and plastically deforming and 
radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes plastically defonning and 
1 0 radially expanding a first tubular member within the wellbore, positioning a second tubular 
member mside the first tubular member in an ov^lapping relationship, plastically 
defonning and radially expanding the end of the second tubular m^ber that overl^s with 
the first tubular member, and plastically deforming and radially expanding the remaining 
portion of the second tubular member. 
1 5 According to anotiier aspect of the present invention, an apparatus for fomiing a 

wellbore casing within a wellbore is provided that includes means for plastically 
defonning and radially expanding a first tubxilar member within the wellbore, means for 
positioning the second tubular member inside the first tubular member in an overl^ping 
relationship, means for plastically deforming and radially expanding the end of the second 
20 tubular member that overlaps with the first tubular member, and means for plastically 
deforming and radially expanding the remaining portion of the second tubular m^ber. 

According to another aspect of the present invention, an ^)paratus for bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore is provided that 
includes means for supporting a tubular mraiber in overlapping relation to the opposing 
25 ends of the wellbore casings, means for plastically deforming and radially expanding the 
tubular member, and 

means for plastically deforming and radially expanding the tubular member and the 
opposing «ds of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an axial 
30 gap between opposing pairs of wellbore casing within a wellbore is provided that includes 
supporting a tubular member in ovoiapping relation to the opposing ends of the wellbore 
casings, plastically defomung and radially expanding the tubular member, and plastically 
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defoiming and radially expanding the tubular member and fhe opposing ends of the 
wellboie casings. 

According to another aspect of the present invention, a method of fonning a 
structure having desired strength characteristics is provided that includes providing a first 
5 tubular member, and plastically deforming and radially expanding additional tubular 
members onto the interior surftce of the first tubular member until the desired strength 
characteristics are achieved. 

According to ano&er aspect of the preset invention, a method of forming a 
wellbore casing within a wellbore having desired strength characteristics is provided that 

1 0 includes plastically defotming and radially expanding a first tubular member within the 
wellbore, and plastically deforming and radially e;q)anding additional tubular members 
onto the interior sur&ce of the first tubular member until the desired strength 
characteristics aro achieved. 

According to another aspect of the present invention, a method of coupling a first 

1 5 tubular memb^ to a second tubular member, the first tubular member having an original 
outside diameter OD^ and an original wall thickness to, is provided that includes plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diametCT, plastically defoiming and radially expanding another portion of the first 
tubular member to a second outside diameter, positioning the second tubular member 

20 inside the first tubular membCT in overlapping relation to the first portion of the first 

tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are substantially 

25 equal, and the ratio of the original outside diameter ODo of Ihe first tubular member to tiie 
original wall thickness to of the first tubular membo: is greats than or equal to 16. 

According to another aspect of the present invention, a m^hod of forming a mono- 
diameter wellbore casing is provided that includes positioning a first tubular member 
within a wellbore, tiie first tubular member having an original outside diameter ODq and 

30 an original wall fliickness to, plastically deforming and radially expanding a first portion of 
the first tubular member to a first outside diameter, plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter. 
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positioning the second tubular monber inside the first tubular member in overl^ping 
relation to the first portion of the first tubular member, plastically defonning and radially 
expanding tiie second tubular member to a third outside diameter, and plastically 
defi)mung and radially expanding file second tubular m^mb^ to a fourtii outside diameter. 
5 The inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal, and the ratio of the original outside diameter 
ODg of the first tubular member to tiie original wall thickness to of the first tubular mmber 
is greater than or equal to 16. 

According to another aspect of (he presmt invention, an ^aratus is provided that 

10 includes a plastically deformed and radially expanded tubular member having a first 
portion having a Sist outside diameter and a remaining portion having a second outside 
diameter. The ratio of the original outside diameter ODo of the first tubular member to the 
original wall ttiickness to of the first tubular member is greater than or equal to 1 6. 

According to another aspect of the present invention, an ^paratus is provided that 

1 5 includes a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 
coupled to the first portion of the first tubular m^nber. The ratio of the original outside 
diameter ODq of the first tubular memb^ to the original wall thickness t^ of the first 

20 tubular member is greater than or equal to 1 6. 

According to another aspect of the present invention, a wellbore casing formed in a 
wellbore is provided that includes a plastically deformed and radially expanded first 
tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 

25 expanded second tubular masber oaupled to the first portion of the first tubular monber. 
The ratio of the origmal outside diameter ODq of the first tubular member to the original 
wall thickness to of the first tubular member is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided that 
includes a plastically deformed and radially expanded tubular m^ber. The ratio of the 

30 original outside diam^ ODo of tiie tubular member to the origmal wall thickness to of the 
tubular member is greater than or equal to 16. 
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Brief Description of the Drawings 
Fig. la is a cross sectional illustration of a wellboie including a preexisting 
wellbore casing. 

Fig. lb is a cros8*sectional illustration of flie placment of an embodiment of an 
5 q>paratus for radially e^anding a tabular member into &e wellbore of Fig. la 

Fig. Ic is a cross-sectional illustration of flie injecti<m of fluidic materials through 
the apparatus of Hg. lb. 

Fig. Id is a cross-sectional illustration of the injection of hardenable fluidic sealing 
malmals dirougji the ^aratus of Fig. Ic. 
10 Fig. le is a cross-sectional illustration of tibie pressurization of the region below the 

expansion cone of the qiparatus of Fig. Id. 

Fig. If is a cross-sectional illustration of the continued pressurization of &e region 
below the expansion cone of the apparatus of Fig. le. 

Fig. Ig is a cross-sectional illustration of the continued pressurization of the region 
15 below the expansion cone of the apparatus of Fig. If following the removal of the over- 
expansion sleeve. 

Fig. Ih is a cross-sectional illustration of the completion of the radial expansion of 
the expandable tubular member of the apparatus of Fig. Ig. 

Fig. li is a cross-sectional illustration of the drilling out of a new section of the 
20 wellbore below the apparatus of Fig. Ih. 

Fig. 1 j is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the s^aratus of Fig. li. 

Fig. Ik is a cross-sectional illustration of the secondary radial e:q>ansion of the 
other expandable tubular m^nber of the apparatus of Fig. 11. 
25 Fig. 11 is a cross-sectional illustration of the completion of the secondary radial 

expansion of the other expandable tubular member of Fig. Ik to form a mono-diameter 
wellbore casing. 

Fig. 2a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

30 Fig. 2b is a cross-sectional illustration of the placement of an embodiment of an 

apparatus for radially expanding a tubular member into the wellbore of Fig. 2a. 
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Fig. 2c is a ciDss-sectional iUusttation of the injection of fluidic materials through 
the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional iUusbadon of tiie injection of hardenable fluidic sealing 
materials thiougji the apparatus of Fig. 2c. 
S Fig. 2e is a cross-sectional illustration of the pressuriziation of the region below the 

esqiansion cone of the ^paratus of Fig. 2d. 

Fig. 2f is a cross-sectional illustration of the continued pressurization of the region 
below the expansion cone of the apparatus of Fig. 2e. 

Fig. 2g is a cross-sectional illustration of tiie completion of the radial expansion of 
1 0 the expandable tubular member of the q>paratus of Fig. 2f. 

Fig. 2h is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below iho qiparatus of Fig. 2g. 

Fig. 2i is a cross-sectional illustration of the radial e3q>ansion of anotiier 
expandable tubular member that overlaps with the apparatus of Fig. 2h. 
IS Fig. 2j is a cross-sectional illustration of the secondary radial expansion of the 

other expandable tubular member of the apparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of fht secondary radial 
expansion of the other expandable tubular member of Fig. 2j to form a mono-diameter 
wellbore casing. 

20 Fig. 3 is a cross-sectional iUustration of the apparatus of Fig. 2b illustrating the 

design and construction of the over-expansion insert 

Fig. 3a is a cross-sectional illustration of an alternative embodiment of the over- 
expansion insert of Fig. 3. 

Fig. 4 is a cross-sectional illustration of an alternative CTbodiment of the qiparatus 
25 of Fig. 2b including a resifient hook for retrieving the over-expansion insert. 

Fig. Sa is a tmss-sectional illustration of a wellbore inchiding a preexisting 
wellbore casing. 

Fig. Sb is a cross-sectional illustration of the formation of a new section of 
wellbore casmg m the wellbore of Fig. 5a. 
30 Fig. 5c is a fragmentary cross-sectional iUustration of fbs placem»t of an 

inflatable bladda- into the new section of the wellbore casing of Fig. 5b. 
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Fig. Sd is a fiagmentaiy cn)SS*sectioiial illustration of the inflation of the inflatable 
bladder of Fig. 5c. 

Fig. Se is a cross-sectional illustration of the new section of wellbore casing of Fig. 
5d after over-expansion. 
S Fig. Sf is a cross-sectional illustration of the new section of wellbore casing of Fig. 

Se after drilling out a new section of the wellbore. 

Fig. Sg is a cross-sectional illustration of the formation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an additicmal 
section of weUbore casing. 
1 0 Fig. 6a is a cross-sectional ilhistration of a wellbore including a preexisting 

wellbore casing. 

Fig. 6b is a cross-sectional illustration of the formation of a new section of 
wellbore casing in the wellbore of Fig. 6a. 

Fig. 6c is a fragmentary cross-sectional illustration of the placement of a roller 
1 S radial expansion device into the new section of the wellbore casing of Fig. 6b. 

Fig. 6d is a cross-sectional illustration of the new section of wellbore casing of Fig. 
6c after ov^-expansion. 

Fig. 6e is a cross-sectional illustration of the new section of wellbore casing of Fig. 
6d after drilling out a new section of the wellbore. 
20 Fig. 6f is a cross-sectional illustration of the formation of a mono-diameter 

wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 

Fig. 7a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

25 Fig. 7b is a cross-sectional illustrati(m of the placonent of an embodimrat of an 

apparatus for radially expanding a tubular member into ttie wellbore of Fig. 7a. 

Fig. 7c is a cross-sectional illustration of the injection of fluidic materials through 
the iqqparatus of Fig. 7b. 

Fig. 7d is a cross-sectional illustration of ttie injection of hardenable fluidic sealing 
30 materials fiirough the apparatus of Fig. 7c. 

Fig. 7e is a cross-sectional ilhistradon of the pressurization of flie region below the 
expansion cone of the £q>paratus of Fig. 7d. 
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Fig. 7f is a cross-sectional illustration of the continued pressurization of the region 
below the expansion cone of the apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional illustration of the completion of the radial expansion of 
the expandable tubular member of the apparatus of Fig. 7£ 
S Fig. 7h is a cross-sectional illustration of the drilling out of a new section of the 

wellbore below the apparatus of Fig. 7g. 

Fig. 7i is a cross-sectional iUustration of the completion of the radial expansion of 
another expandable tubular member to form a mono-diamet^ wellbore casiDg. 

Fig. 8a is cioss-sectional illustration of an wellbore including a preexisting section 
1 0 of wellbore casing having a recessed portion. 

Fig. 8b is a cross-sectional illustration of the placement of an qyparatus for radially 
expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a cross-sectional illustration of flie injection of fluidic materials tfarougji 
ttie apparatus of Fig. 8b. 
1 5 Fig. 8d is a cross-sectional illustration of ^ injection of a hardenable fluidic 

sealing material through the apparatus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of the isolation of the region below the 
expansion cone and within the expansion cone launcher of the apparatus of Fig. 8d. 

Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 
20 expansion of the upper portion of the expandable tubular member of the apparatus of Fig. 
8e. 

Fig. 8g is a cross-sectional illustration of the removal of the upper expansion cone 
from the wellbore of fig. 8f. 

Fig. 8h is a cross-sectional illustration of the continued pressurization of the region 
25 below the expansion cone of the apparatus of Fig. 8g to thereby plastically deform and 
radially expand the expansion cone launcher and expandable tubular member. 

Fig. 8i is a ooss-sectional illustration of the completion of the initial radial 
expansion process of the q)paratus of Fig. 8h. 

Fig. 8j is a (ross-sectional illustration of tiie furtii^ radial expansion of the 
30 apparatus of Fig. 8i in ord^ to form a mono-diameter wellbore casing. 

Fig. 9a is a cross-sectional illustration of a wellbore including uppor and low^ 
preexisting wellbore casmgs that are separated by an axial gap. 
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Fig. 9b is a cross-sectional illustration of the coipling of a tabular member to the 
opposing ends of the wellbore casings of Fig. 9a. 

Fig. 9c is a fragmentary CTOss-sectional illustration of the placement of a radial 
expansion device into the tubular member of Fig. 9b. 
S Fig. 9d is a fiagm»tary cross-sectional illustration of fbe actuation of the radial 

e}q)ansion device of Fig. 9c. 

Fig. 9e is a cross-sectional of a mono-diameter wellbore casing generated by flie 
actuation of the radial e}q)ansion device of Fig. 9d. 

Fig. 10 is a cross-sectional ittustraticm of a mono-diameter wellbore casing that 
1 0 includes a plurality of layers of radially expanded tubular members along at least a portion 
of the its length. 

Fig. 1 la is a cross-sectional illustration of a wellbore including a casing formed by 
plastically deforming and radially e3q>anding a first tubular memb^. 

Fig. 1 lb is a cross-sectional illustration of a wellbore including another casing 
1 5 coupled to the preexisting casing by plasticaUy deforming and radially expanding a second 
tubular member. 

Fig. 1 Ic is a cross-sectional illustration of a mono-diameter wellbore casing 
formed by radially expanding the second tubular member a second time. 
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Detailed Description 
Several embodim^ts of methods and ^paratus for forming a mono-diameter 
wellbore casing are disclosed In several alternative embodiments^ the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, pipelines, or 
5 structural supports. Furthermore, while the present ilhistrative embodiments are described 
with reference to the formation of mono-diameter wellbore casings, the teachings of the 
present disclosure have general plication to the formation or rq>air of wellbore casings, 
pipelines, and structural supports. 

Referring initially to Fig. la, a wellbore 10 includes a preexisting wellbore casing 

10 15. The wellbore 10 may be oriented in any orientation fiom the vertical to the horizontal. 
The preexisting wellbore casing IS may be coiqiled to the upp& portion of the wellbore 10 
using any immber of conventional methods. In a preferred embodiment, the wellbore 
casing IS is coupled to the upper portion of the wellbore 10 using one or more of the 
methods and apparatus disclosed in one or more of the following: (1) U.S. patent 

15 application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent plication serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no, 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney 
docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent plication serial no. 

20 09/523,460, attomey docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 

application serial no. 09/512,895, attomey docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent application serial no. 09/511,941, attomey docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attomey docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent ^plication serial no. 09/559,122, attomey 

25 docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent iq>plication serial no. 
PCT/US00/1863S, attomey docket no. 25791,25.02, filed on 7/9/2000, (1 1) U.S. 
provisional patent application serial no. 60/162,671, attomey docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attomey docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 

30 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
pat»t Implication saial no. 60/159,039, attomey docket no. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent application scnal no. 60/159,033, attomey docket 
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no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, ffled on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. , attorney 

5 docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent plication serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, flxe disclosures of which are incorporated herein by reference. More 
genmlly, the preexisting wellbore casmg 15 may be coupled to another preexisting 
10 wellbore casing and/or may include one or more concentrically positioned tubular 
members. 

Referring to Fig. lb, an appdocatus 100 for radially expandmg a tubular member 
may then be positioned within ihe wellbore 10. The q>paratus 100 includes a tubular 
support member 105 defining a passage 110 for conveying fluidic materials. An 

15 expansion cone 115 defining a passage 120 and having an outer conical surface 125 for 
radially expanding tubular memb^ is coiq>led to an end of the tubular support member 
105. An annular conical over-expansion sleeve 130 mates with and is removably coupled 
to the outer conical sur&ce 125 of the expansion cone 1 15. In several alternative 
embodhnents, the over-expansion sleeve 130 is M>ricated from frangible materials such 

20 as, for example, ceramic materials, in order to facilitate the removal of the over-expansion 
sleeve during operation of the apparatus 100. In this manner, the amoimt of radial 
expansion provided by the apparatus may be decreased following the removal of flie over- 
expansion sleeve 130. 

An e3q)ansion cone launcher 135 is movably coupled to and supported by the 

25 expansion cone 1 15 and the over-expansion sleeve 130. The ^cpansion cone launcher 135 
include an upp^ portion having an iqiper outa: diameter, an intermediate portion that 
mates with the expansion cone 1 15 and the over-e3q)ansion sleeve 130, an a lower portion 
having a lower outer diamet^. The lower outer diam^er is greater than the \xppeac outer 
diameter. A shoe 140 defining a valveable passage 145 is coupled to the lower portion of 

30 the e}q)ansion cone launcher 135. in a preferred embodiment, the valveable passage 145 
may be controllably closed in order to fluidicly isolate a region 150 below the expansion 
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cone 115 and bounded by the lower portion of the expansion cone launcher 135 and the 
shoe 140 from the region outside of the apparatus 100. 

An expandable tubular member 155 is coupled to the upper portion of the 
expansion cone launcher 135. One or more sealing members 160a and 160b are coupled 
5 to file exterior of fiie iq>per portion of fiie expandable tubular member 155. hi several 
alternative embodiments, fiie sealing members 160a and 160b may include elastomeiic 
elemeats and/or metallic elements and/or conq)Osite elements. In several alternative 
embodimoits, one or more anchoring elements may substituted for, or used in addition to, 
the sealing msabm 160a and 160b. 

10 In a preferred embodiment, the support member 105, the e3q)ansion cone 1 15, the 

expansion cone launcher 135, the shoe 140, and the expandable tubular member 155 are 
provided substantially as disclosed in one or more of the following: (1) U.S. patent 
^Kcation serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent appUcation serial no. 09/510,913, attom^ docket no. 25791.7.02, filed on 

15 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney dodcet no. 

25791.8.02, ffled on 2/10/2000, (4) U.S. patent q)plication serial no. 09/440,338, attorney 
docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent ^plication serial no. 
09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 
appUcation serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) 

20 U.S. patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney 
docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no, 
PCT/USOO/1 8635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 

25 provisional patoit appUcation serial no. 60/162,671, attorney docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent appUcation serial no. 60/154,047, attorney docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent q)pUcation serial no. 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent q)pUcation soial no. 60/159,039, attorney docket no. 25791.36, filed on 

30 10/12/1999, (15) U.S. provisional patent qypUcadon soial no. 60/159,033, attorney docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent appUcation serial no. 
, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 
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provisional patent sqjplicalion serial no. 60/165^8, attorney docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent q)plication serial no. , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

5 provisional patent application serial no. , attorney docket no. 25791 .47, 

filed on 9/18/2000, the disclosures of wliich are incozporated herein by reference. 

As illustrated in Fig. lb, in a preferred embodiment, during placement of the 
apparatus 100 within the wellbore 10, fhddic materials 165 wifliin the wellbore 10 are 
conveyed through the apparatus 100 through the passages 1 10, 120 and 145 to a location 

10 above tiie q>paratQS 100. Inthismanner, surge pressures during placemoit of the 
apparatus 100 within the wellbore 10 are reduced. In aprefenred embodiment, ttie 
apparatus 100 is initiallypositioned within die wellbore 10 such that the top portion of the 
tubular member 155 overly with flie preexisting casing 15. In this manner, the upper 
portion of the expandable tubular member 1 55 may be radially e^q^anded into contact widi 

15 and coiq>led to the preexisting casing 15. As will be recognized by persons having 

ordinary skill in the art, the precise initial position of the expandable tubular member 155 
will vary as a fimction of the amount of radial expansion, the amoimt of axial shrinkage 
during radial expansion, and the material properties of the expandable tubular member. 
As illustrated in Fig. Ic, a fluidic material 170 may then be injected through the 

20 2^paratus 100 through Che passages 110, 120, and 145 in ord^ to test the proper operation 
of these passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 175 may then be 
injected through the apparatus 100 through the passages 1 10, 120 and 145 into the annulus 
between the apparatus and the wellbore 10. In this manner, an annular barrier to fluid 

25 migration into and out of the wellbore 10 may be formed around the radially expanded 
expansion cone launcher 135 and expandable tubular member 155. The hardraable fluidic 
sealing material may include, for example, a c^ent mixture. In several alternative 
embodiments, the injection of the hardenable fluidic sealing material 175 may be omitted. 
In several alternative embodiments, flie hard^ble fluidic sealing material 175 is 

30 compressible, before, during and/or after, the curing process. 

As illustrated in Fig. le, a non-hardenable fluidic material 180 may than be 
injected into the apparatus through the passages llOand 120. Aballplug 185, or other 
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similar device, may then be injected with the fluidic material 1 80 to thereby seal off the 
passage 145. In this manner, the region 150 may be pressurized by the continued injection 
of the fluidic material 180 into the apparatus 100. 

As illustrated in Fig. If^ the continued injection of the fluidic material 1 80 into the 
5 qjparatus 100 causes the expansion cone launcher 135 and expandable tubular member 
155 to be plastically deformed and radially expanded off of the over-expansion sleeve 130. 
In ttus mann^, &e expansion cone 115 and ovor-expansion sleeve 130 are displaced 
relative to the expansion cone launcher 135 and expandable tubular monb^ 155 in the 
axial direction. 

1 0 After a predetermined tone period and/or after a predetermined axial displacement 

of the expansion cone 115 relative to the e^qiansion cone launcher 135 and expandable 
tubular m^nber 155, the over-expansion sleeve 130 may be removed fiom the outer 
conical surface 125 of the expansion cone 1 15 by the application of a predetennined 
upward shock load to the support member 105. In a preferred embodiment, the shock load 

IS canses the frangible over-expansion sleeve 130 to fracture into small pieces that are Iha 
forced off of the outer conical surface 125 of fb& expansion cone 1 15 by the continued 
pressurization of the region 150. In a preferred embodiment, the pieces of the over- 
expansion sleeve 130 are pulverized into grains of material by the continued pressurization 
of flie region 150. 

20 Referring to Fig. Ig, following the removal of the frangible over-expansion sleeve 

130, the continued pressurization of the region 150 causes the expandable tubular member 
155 to be plastically deformed and radially e7q)anded and extnided off of the out^ conical 
surface 125 of the expansion cone 1 IS. Note that the amount of radial expansion provided 
by the outer conical surface 125 of expansion cone 1 IS is less than the amount of radial 

2S expansion provided by the combination of the ov^-expansion sleeve 130 and the 

expansion cone 115. In this maimer, as illustrated in Fig. lh,arecess 185 is formed in the 
radially expanded tubular memb^ 155. 

After completing the plastic deformation and radial expansion of the tubxilar 
member 1 55, the hardenable fluidic sealing material is allowed to cure to thereby form an 

30 annular body 1 90 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. li, the shoe 140 may then removed by drilling out the shoe using 
a conventional drilling device. A new section of the wellbore 1 0 may also be drilled out in 
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order to pennit additional expandable tubular membeis to be coupled to the bottom portion 
of ^e plastically deformed and radially expanded tubular member 155. 

Referring to Fig. Ij, a tubular member 200 may then be plastically deformed and 
radially expanded using any number of convrational methods of radially e(xpanding a 
5 tubular member. In a prefw^ embodiment, the iQ>per portion of the radially e^qianded 
tubular member 200 overlq>s with and mates with tiie i^cessed portion 185 of the tubular 
member 155. In apreferred mbodiment, one or more sealing members 205 are coi4>led to 
the exterior surface of the upper portion of the tubular member 200. In a prefeued 
embodiment, the sealing members 205 seal the interface between the i^er portion of tiie 
10 tubular membo* 200 and the recessed portion 185 of flie tubular member 155. Insev^ 
alternative embodiments, the sealing members 205 may include elastomeric elements 
and/or metallic elements and/or conqposite elemrats. In seva:al alternative mbodiments, 
one or more anchoring elements may substituted for, or used in addition to, tiie sealing 
members 205. In a i»eferred embodiment, an annular body 210 of a hardenable fluidic 
1 5 sealing material is also formed around the tubular member 200 using one or more 
conventional methods. 

In a preferred embodiment, the tubular membo: 200 is plastically deformed and 
radially expanded, and the aimular body 210 is formed using one or more of the apparatus 
and methods disclosed in the following: (1) U.S. patent application serial no. 09/454,139, 
20 attomey docket no. 25791 .03.02, filed on 12/3/1 999, (2) U.S. patent ^plication serial no. 
09/510,913, attomey docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent plication 
serial no. 09/502,350, attomey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
appUcation serial no. 09/440,338, attomey docket no. 25791,9.02, filed on 1 1/15/1999, (5) 
U.S. patent application serial no, 09/523,460, attomey docket no. 25791.1 1,02, filed on 
25 3/1 0/2000, (6) U.S. patent application saial no. 09/5 12,895, attomey docket no. 

25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attomey 
docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent ^plication serial no. 
09/588,946, attomqr docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent qjpUcation 
SCTial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000. (10) PCX 
30 patent plication saial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 
7/9/2000, (1 1) U.S. provisional patent plication serial no. 60/162,671, attomey docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent plication serial no. 
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60/154,047, attorney docket no. 2S79L29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 2579134, fiOied on 10/12/1999, (14) 
U.S. provisional patent supplication serial no. 60/159,039, attorney docket no. 25791.36, 
filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 
5 attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent q^pUcarion 

serial no. , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent {q)plication serial no. 

10 , attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 210 may be omitted. In several 
alternative embodiments, the amiular body 210 may be radially compressed before, during 

1 5 and/or after curing. 

Referring to Fig. Ik, an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a support member 220 to plastically deform and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially equal. In this manner, as illustrated in Fig. 11, a 

20 mono-diameter wellbore casing may be formed. 

Referring to Figs. 2a and 2b, in an alt^iative embodiment, an apparatus 300 for 
radially eicpandiiig a tubular member may then be positioned within the wellbore 1 0. The 
apparatus 300 includes a tubular siqiport member 305 defining a passage 310 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and having an 

25 outer conical surface 325 for radially e7q)anding tubular members is coiq>led to an end of 
the tubular support member 305. An annular conical ov^-expansion insert 330 mates with 
and is removably coiq)led to the outer conical surface 325 of the expansion cone 315. 

An expansion cone launcher 335 is movably coiq>led to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 335 

30 includes an iqpper portion having an rxpper outer diameter, an intermediate portion that 
mates widi the expansion cone 315 and the over-expansion insert 330, an a lower portion 
having a lower outer diameter. The lower outer diameter is greater than the vpper outer 
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diameter. A shoe 340 defining a valveable passage 345 is coiq)led to the low^ portion of 
the expansion cone launcher 335. In a preferred exhbodinient, the valveable passage 345 
may be controllably dosed in order to fluidicly isolate a region 350 below the e?q>ansion 
cone 315 and bounded by die lower portion of the expsimon cone lanndier 335 and the 
5 shoe 340 6om titie region outside of ttie apparatus 300. 

hi a preferred embodiment, as illustrated in Fig. 3, the over-e^qiansion insert 330 
mcludes a phirality of spaced-q>art arcuate ms^ 330a, 330b, 330c and 330d that are 
positioned between the outer conical surface 325 of die e:q)ansion cone 315 and the inner 
sur&ce of die intermediate portion of the expansion cone launcher 335. hi this manner, 

10 the relative axial displacement of the expansion cone 315 and the expansion cone launcher 
335 will cause the expansion cone to over-expand the intermediate portion of die 
expansion cone launcher. In this manner, a recess may be formed in the radially expanded 
expansion cone launch^ 335. In several alternative embodiments, the inserts 330a, 330b, 
330c, and 330d fall out of the recess and/or are r^oved fiom the recess using a 

1 5 conventional retrieval tool upon the completion of the radial expansion process. 

In an alternative embodiment, as illustrated in Fig. 3a, the over expansion insert 
330 &rther includes intermediate resilient members 331a, 331b, 331c, and 331d for 
resiU^tly coupling the mserts 330a, 330b, 330c, and 330d. In this manner, upon the 
conq>letion of the radial expansion process, the resilient force exerted by the resilient 

20 members 331 causes the over-expansion insert to colkpse in the radial direction and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the vpper portion of the 
expansion cone launcher 335. One or more sealing mraibers 360a and 360b are coiq>led 
to the exterior of tibie upper portion of the expandable tubular member 355. la sevml 

25 alternative embodiments, the sealing members 360a and 360b may include elastomeric 
elements and/or metallic elements and/or conxposite elements, hi several altemative 
embodunents, one or more anchoring elements may substituted for, or used in addition to, 
the sealing members 360a and 360b. 

In a preferred embodiment, the support member 305, the expansion cone 315, the 

30 expansion cone launch^ 335, the shoe 340, and the expandable tubular member 355 are 
provided substantially as disclosed in one or more of the followmg: (1) U.S. patoit 
application serial no. 09/454,139, attomey docket no. 25791.03.02, filed on 12/3/1999, (2) 
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U.S. patent ^plication sotoI no. 09/510,913, attorney docket no. 25791 .7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent ^Ucation serial no. 09/440,338, attorney 
docket no. 25791.9.02, filed on 1 1/15/1999, (5) US. patent application serial no. 
5 09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent 

dppUcsAon serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent q>plication serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application soial no. 09/559,122, attorney 

10 docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed on 
11/1/1999, (12) U.S. provisional patent qsplication serial no. 60/154,047, attorney docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 

15 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent application serial no. 60/159,039, attorney docket no. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

20 provisional patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

1 1/12/1999, (18) U.S. provisional patent ^plication serial no. , attorney 

docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791.47, 

25 filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 
apparatus 300 within die weUbore 10, fluidic materials 365 within the wellbore 10 are 
conveyed through the apparatus 300 through the passages 3 10, 320 and 345 to a location 
above the apparatus 300. In this manner, surge pressures during placement of the 

30 apparatus 300 within tiie wellbore 1 0 are reduced. In a preferred CTibodiment, the 

apparatus 300 is initially positioned within the wellbore 10 such that the top portion of the 
tubular m^b^ 355 overlaps with the preexisting casing 15. la this mann^, the i^er 
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portion of the expandable tubular member 355 may be radially expanded into contact with 
and coupled to the preexisting casing IS. As win be recognized by persons having 
ordinary skill in the art, the precise initial position of the expandable tabular member 355 
will vary as a function of ttie amount of radial expansion, the amount of axial shrinkage 
5 during radial expansion, and flie material properties of the e3q>andable tubular member. 

As illustrated in Fig. 2c, a fluidic material 370 may then be injected through the 
£q[yparatus 300 through the passages 310, 320, and 345 in order to test the proper operation 
ofttiese passages. 

As illustrated in Fig. 2d, ahardenable fluidic sealing material 375 may Aenbe 
10 injected doougb the apparatus 300 through Ihe passages 310, 320 and 345 into the annutus 

between the apparatus and the weUbore 10. In this maimer, an aimular barrier to fluid 

migration into and out of the wellbore 10 noay be formed around tibie radially expanded 

expansion cone launcher 335 and expandable tubular momber 355. The hardenable fluidic 

sealing material may include, for example, a c^ent mixture. In several alternative 
1 5 embodiments, the injection of the hardenable fluidic sealing material 375 may be omitted. 

In several alternative embodiments, the hardenable fluidic sealing material 375 is 

compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 2e, a non-hardenable fluidic material 380 may then be 

injected into the apparatus through die passages 310 and 320. A ball plug 385, or other 
20 similar device, may then be injected widi the fluidic material 380 to thereby seal off the 

passage 345. In this manner, the region 350 may be pressurized by the continued injection 

of the fluidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f, the continued injection of the fluidic material 380 into the 

s^aratus 300 causes the e7q)ansion cone launcher 335 to be plastically defonned and 
25 radially expanded off of the over-expansion insert 330. In this manner, the e3q>ansion cone 

315 is displaced relative to flie e3q>ansion cone launch^ 335 and expandable tubular 

member 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over-«pansion insert 

330, ttie radial expansion of the expansion cone launcher 335 and expandable tubular 
30 member 355 is inovided solely by the outer conical surface 325 of flie expansion cone 315. 

Note that the amount of radial expansion provided by the outer conical surface 325 of 

eiqpansion cone 315 is less than the amount of radial expansion provided by the 



•26- 



wo 02/29199 PCTAJSOl/30256 

combination of the over-expansion insert 330 and the expansion cone 3 IS. In this manner, 
as illustrated in Fig. 2g, a recess 390 is formed in the radially expanded tubular member 
355. 

In sev^ altmiative CTibodiments, ^e over-e^qpansion insert 330 is removed fiom 
5 the recess 390 by filling out and/or removal using a conventional retrieval tool. In an 
alternative embodiment, the resilient force provided by the resilient members 331a, 331b, 
331c, and 331d cause the insert 330 to colh^se in the radial direction and thereby fall out 
of the recess 390. Li an alternative embodiment, as illustrated in Fig. 4, one or more 
resilient hooks 395a and 395b are coiq>led to tfie bottom of the expansion cone 315 for 
1 0 retrieving the over*expansion insert 330 during or after the conipletion of the radial 
expansion process. 

After completing ibe plastic deformation and radial expansion of the tubular 
member 355, the hardenable fluidic sealing material is allowed to cure to thereby form an 
annular body 400 that provides a barrier to fluid flow into or out of the wellbore 10. 

1 5 Refeiring to Fig. 2h, the shoe 340 may then removed by drilling out flie shoe using 

a conventional drilling device. A new section of the wellbore 10 may also be drilled out in 
order to permit additional expandable tubular members to be coiQ>led to the bottom portion 
of the plastically deformed and radially expanded tubular member 355. 

Referring to Fig. 2j, a tubular member 405 may then be plastically deformed and 

20 radially expanded using any number of conventional methods of radially expanding a 
tubular member. In a preferred embodimait, the vtpper portion of the radially expanded 
tubular member 405 overiaps with and mates with the recessed portion 390 of the tubular 
member 355. In a preferred embodiment, one or more sealing members 410 are coupled to 
the exterior surface of the iqiper portion of the tubular member 405. In a preferred 

25 embodiment, the sealing members 410 seal the interface between the upper portion of the 
tubular Member 405 and the recessed portion 390 of the tubular member 355. In sev^ 
alternative ^bodiments, the sealing members 410 may include elastomeric elements 
and/or metallic elements and/or composite elements. In several alternative embodiments, 
one or more anchoring elements may substituted for, or used in addition to, the sealing 

30 members 410. In apreferred CTibodiment, an annular body 415 of ahardenable fluidic 
sealing material is also formed around the tubular member 405 using one or more 
conventional methods. 
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Iq a preferred embodimeiit, the tubular member 405 is plastically deformed and 
radially expanded, and the annular body 415 is formed using one or more of the ^paratus 
and methods disclosed in the following: (1) U.S. patent ^plication serial no. 09/454,139, 
attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent j^yplication serial no. 
5 09/510,913, attorney docket no, 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application 
serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440^38, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) 
U.S. patent application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 
3/10/2000, (6) U.S. patait application serial no. 09/512,895, attorney docket no. 

10 25791.12.02, filed on 2/24/2000, (7) U.S. patent plication serial no. 09/511,941, attorney 
docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 
09/588,946, attomey docket no. 25791 .17.02, filed on 6/7^2000, (9) U.S. pat^t applicatioh 
serial no. 09/559,122, attomey docket no. 25791:23.02, filed on 4/26^000, (10) PCT 
patmt q>plication serial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 

15 7/9/2000, (1 1) U.S. provisional patent s^lication s^al no. 60/162,671, attomey docket 
no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent plication smal no. 
60/154.047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
apphcation serial no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patrat apphcation serial no. 60/159,039, attomey docket no. 25791.36, 

20 filed on 10/12/1999, (15) US. provisional patent apphcation serial no. 60/159,033, 

attomey docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent apphcation 

serial no. , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent ^hcation serial no. 60/165,228, attomey docket no. 25791.39, filed on 
1 1/12/1999, (18) U.S. provisional patent ^pKcation serial no. , attomey 

25 docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patmt apphcation serial no. 

, attomey docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patCT.t apphcation saial no. , attom^r docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by referoice. 

In an alternative embodiment, the annular body 415 may be omitted. In several 

30 alternative CTibodiments, tfie annular body 41 5 may be radially compressed before, during 
and/or afi^ curing. 
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Referring to Fig. 2j, an expansion cone 420 may then be driven in a downward 
direction by fluid pressure and/or by a support member 425 to plastically deform and 
radially expand the tubular member 405 such that the interior diameter of ^e tubular 
members 355 and 405 are substantially equal. In this mann^, as illustrated in Fig. 2k, a 
5 mono-diameter wellbore casing may be formed. 

Referring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically defomed and radially expanded and thereby coupled 
to the preexisting section of wellbore casing 15 using any number of conventional 
methods. An annular body of a fhiidic sealing material 510 may also be formed around the 

10 tubular member 500 using any number of conventional methods. In a preferred 

embodiment, the tubular member 500 is plastically deformed and radially expanded and 
the aimular body 5 10 is formed using one or more of the methods and ^paratus disclosed 
in one or more of the following: (1) U.S. patent application serial no. 09/454,139, attorney 
dock^ no. 25791.03.02, fUed on 12/3/1999, (2) U.S. patent application serial no. 

15 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent ^plication 
serial no. 09/502,350, attorney docket no. 25791,8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) 
U.S. patent application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 

20 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attorney 
docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 
09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application 
s^al no. 09/559,122, attorney dodcet no. 25791.23.02, filed on 4/26/2000, (10) PCX 
patent q>plication serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 

25 7/9/2000, (1 1) U.S. provisional patmt application smal no. 60/162,671, attorn^ docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent ^pUcation serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 2579L34, filed on 10/12/1999, (14) 
U.S. provisional patCTt plication smal no. 60/159,039, attorney docket no. 2579136, 

30 filed on 10/12/1999, (15) U.S. provisional patent q)plication serial no. 60/159,033, 

attorney dodcet no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 
serial no. , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 
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provisional patent £5)plication serial no. 60/165;228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S, provisional patent q)plication serial no. , attorney 

docket no. 2579L45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

5 provisional patent application serial no. , attorney docket no. 25791 -47, 

filed on 9/1 8^000, the disclosures of whidi are incorporated herein by reference. 

In several alternative embodiments, flie annular body 5 10 may be omitted or may 
be compressible before, during, or after curing. 

Referring to Figs. Sc and 5d, a conventional inflatable bladder 515 may then be 

10 positioned within the tubular member 500 and inflated to a sufiBcient operating pressure to 
plastically defi>rm and radially expand a portion of the tubular member to thereby form a 
recess 520 in fiie tubular m^ber. 

Referring to Figs. 5e and 5^ the infliatable bladder 515 may Aen be removed and 
the shoe 505 drilled out using a conventional drilling device. 

1 5 Referring to Fig. 5g, an additional tubular member 525 may then be plastically 

deformed and radially expanded in a conventional manner and/or by using one or more of 
the methods and apparatus described above in order to form a mono-diameter wellbore 
casing. Before, during or after the radial e?q)ansion of the tubular member 525, an annular 
body 530 of a fiuidic sealing material may be formed around the tubular memb^ in a 

20 conventional manner and/or by using one or more of the methods and apparatus described 
above. 

In several altemative embodiments, the inflatable bladder 515 may be coupled to 
the bottom of an expansion cone in order to permit the over-expansion process to be 
performed during the radial expansion process implemented using fiie expansion cone. 

25 Referring to Figs 6a-6b, in an altonative embodunent, a tubular member 600 

having a shoe 605 may be plastically deformed and radially expanded and thereby covpled 
to the preexistuig section of wellbore casing IS using any number of conventional 
methods. An annular body of a fiuidic sealing matoial 610 may also be formed around the 
tubular member 600 using any number of conventional m^hods. In a preferred 

30 CTd>odiment, tiie tubular mCTber 600 is plastically deformed and radially expanded and 
the annular body 610 is formed using one or more of the methods and ^paratus disclosed 
in one or more of the following: (1) U.S. patent s^lication serial no. 09/454,139, attorney 
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docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent qiplication smal no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2^3/2000, (3) U.S. patent application 
serial no. 09/502,350, attorney dodcet no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440338» attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) 
5 U.S. patent s^lication serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 
3/10^000, (6) U.S. patmt s^lication serial no. 09/512,895, attorn^ dodcet no. 
25791.12.02, filed on 2^^000, (7) U.S. patent application serial no. 09/511,941, attorney 
docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent ^plication smal no. 
09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000. (9) U.S. patent ^plication 

10 serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent application serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 
7/9/2000, (1 1) U.S. provisional patent application serial no. 60/162,671, attorney docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent 2?>plication serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 

15 application soial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, 
filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 
attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 
serial no. , attorney docket no. 2579138, filed on 6/19/2000, (17) U.S. 

20 provisional patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. , attorney 

docket no. 25791.45, filed on 7i^8/2000, (19) U.S. provisional patent q>plication serial no. 

, attorney docket no. 25791.46. filed on 7/^8/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791,47, 

25 filed on 9/1 8/2000, tiie disclosures of whidi are incorporated herein by reference. 

In several alternative embodiments, the annular body 610 may be omitted or may 
be compressible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may then 
be positioned within the tubular member 600 and operated in a conventional manner Bpply 

30 a radial force to the interior sur&ce of ttie tubular member 600 to plastically deform and 
radially expand a portion of the tubular member to thereby form a recess 620 in the tubular 
member. As wiU be recognized by persons having ordinary skifl in the ait. a rollor 
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expansion device typically utilizes one or more rollers that, through rotation of the device, 
apply a radial force to the int^or surfaces of a tubular member. In several alternative 
embodiments, the roller expansion device 615 may include eccentric rollers such as, for 
example, as disclosed in U.S. Pat. Nos. 5,014,779 and 5,083,608, the disclosures of which 
are incoiparated herein by reference. 

Refisning to Figs. 6d and 6e, the roller «q>ansion device 615 may then be removed 
and the shoe 605 drilled out using a conventional drilling device. 

Refming to Fig. 6i^ an additional tubular member 625 may then be plastically 
defonned and radially expanded in a conventional manner and/or by using one or more of 
the mettiods and q>paratas described above in order to form a mono-diameter wellbore 
casing. Before, during or after the radial expansion of flie tubular member 625, an annular 
bo^ 630 of a fluidic sealing material may be formed around the tubular member in a 
conventional manner and/or by using one or more of the methods and apparatus described 
above. 

Id several alternative embodiments, die roller expansion device 615 may be 
coupled to the bottom of an expansion cone in order to permit tbe over-expansion process 
to be performed during the radial expansion process implemented using the expansion 
cone. 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore casing 
15. The wellbore 10 may be oriented in any orientation from the vertical to the horizontal. 
The preexisting wellbore casing 15 may be coupled to the upper portion of the wellbore 10 
using any number of conventional methods. In a preferred embodiment, the wellbore 
casing 1 5 is coupled to the upper portion of the wellbore 10 using one or more of the 
methods and apparatus disclosed in one or more of the following: (1) U.S. patent 
application serial no. 09/454,139, attorney docket no. 25791,03.02, filed on 12/3/1999, (2) 
U.S. patent ^plication serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent appHcation serial no. 09/502,350, attomqr docket no. 
25791.8,02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney 
dodcet no. 25791.9,02, filed on 11/15/1999, (5) U.S. patent application serial no. 
09/523,460, attorney docket no. 25791.1 1.02. filed on 3/10/2000, (6) U.S. patent 
application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2^/2000, (7) 
U.S. patent q)plication serial no, 09/511,941, attorney docket no. 25791.16.02, filed on 
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2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent q>plication serial no. 09/559,122, attorney 
docket no. 25791 J23.02, filed on 4^6/2000, (10) PCX patent ^plication serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
5 provisional patent plication serial no. 60/162,671, attorney docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional pat^t application serial no. 60/154,047, attorney dodcet 
no. 25791.29» filed on 9/16/1999, (13) U.S. provisional patent q>plication serial no. 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent aiq>lication smal no. 60/159,039, attorney docket no. 25791.36, filed on 

1 0 10/12/1999, (1 5) U.S. i»ovisional patent application serial no. 60/1 59,033, attorney docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional pat»t ^plication serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent plication serial no. 60/165,228, attorney docket no. 25791.39, filed on 
1 1/12/1999, (18) U.S. provisional patent a^lication serial no. , attorney 

15 docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent plication serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated h^ein by reference. More 
generally, the preexisting wellbore casing 15 may be coupled to another preexisting 

20 wellbore casing and/or may include one or more concmtrically positioned tubular 
members. 

Referring to Fig. 7b, an ^paratus 700 for radially expanding a tubular member 
may then be positioned within the weUbore 10. The ^paratus 700 includes a tubular 
support member 705 defining a passage 710 for conveymg fluidic materials. An 
25 expansion cone 715 defining a passage 720 and having an outer conical surface 725 for 
radially expanding tubular members is coiq)l6d to an end of the tubular support member 
705. 

An expansion cone launcher 735 is movably coiq)led to and supported by the 
expansion cone 715. The expansion cone launcher 735 includes an upper portion 73Sa 
30 having an upper outer diameter, an intermediate portion 735b that dates with the 

expansion cone 715, and a lower portion 735c having a lower outer diameter. The lower 
outer diameto: is greater than the c^er outer diameter. The expansion cone launcher 735 
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further includes a recessed portion 735d having an outer diameter that is less than the 
lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of the 
expansion cone launcher 73S. In a preferred oibodiment, the valveable passage 745 may 
5 be controllably closed in order to fluidicly isolate a region 750 below the expansion cone 
715 and bounded by the lower portion 735c of die expansion cone launcher 735 and the 
shoe 740 fiom the region outside of the apparatus 700. 

An expandable tabular monber 755 is coupled to the upper portion 735a of the 
expansion cone launcher 735. One or more sealing members 760a and 760b may be 

10 coiq)led to the exterior of the upper portion of the expandable tubular member 755. Ih 
several altemative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elemmts and/or composite elements. In several 
altemative embodiments, one or more anchoring elements may substituted for, or used in 
addition to, the sealing members 760a and 760b. 

15 la a preferred embodiment, the si^port member 705, the expansion cone 71 5, the 

expansion cone launcher 735, the shoe 740, and flie expandable tubular member 755 are 
provided substantially as disclosed in one or more of the following: (1) U.S. pat^ 
qyplication serial no. 09/454,139, attomey docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent application serial no. 09/510,913, attomey docket no. 25791.7.02, filed on 

20 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attomey docket no. 

25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attomey 
docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 
09/523,460, attomey docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent 
plication serial no. 09/512.895, attomey docket no. 25791.12.02, filed on 2/24/2000, (7) 

25 U.S. patent application serial no. 09/511,941, attomey docket no. 25791.16.02, filed on 
2/24^000, (8) U.S. patCTt ^Ucation serial no. 09/588,946, attomey docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent appUcation serial no. 09/559,122, attomey 
docket no. 25791.23.02, filed on 4^6/2000, (10) PCT patent plication serial no. 
PCTAJSOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, (1 1) US. 

30 provisional patent application serial no. 60/162,671, attomey docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent plication serial no. 60/154,047, attomey docket 
no. 25791.29, filed on 9/16/1999. (13) U.S. provisional patrait plication serial no. 



-34- 



wo 02/29199 PCT/USOl/30256 

60/159,082, attorney docket no. 2579134, filed on 10/12/1999, (14) U.S. provisional 
patent qsplication seiial no. 60/159,039, attorney docket no. 25791.36, filed on 
10/12/1999, (IS) U.S. provisional patent s^lication serial no. 60/159,033, attorney docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent implication seiial no. 

5 , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional pstoit i^lication serial no. 60/165,228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent qiplication serial no. , attorney 

dodcet no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent ^plication serial no. 
, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

1 0 provisional patent ^plication serial no. , attorney docket no. 25791 .47, 

filed on 9/18^000, the disclosures of which are incorporated herein by refermce. 

As illustrated in Fig. 7b, in a preferred embodiment, during placemoit of the 
apparatus 700 within the wellbore 10, fluidic materials 765 within the wellbore 10 are 
conveyed flirough the apparatus 700 throu^ the passages 710, 720 and 745 to a location 

1 5 above tiie apparatus 700, In this manner, surge pressures during placement of the 
apparatus 700 within the wellbore 10 are reduced. In a preferred embodiment, the 
£^aratus 700 is initially positioned within the wellbore 10 such that the top portion of the 
tubular member 755 overlaps with the preexisting casing 1 5. In this manner, the upper 
portion of the expandable tubular member 755 may be radially expanded into contact with 

20 and coupled to the preexisting casing 1 5. As will be recognized by persons having 

ordinary skill in the art, the precise initial position of die expandable tubular member 755 
will vary as a function of the amount of radial expansion, the amount of axial shrinkage 
during radial expansion, and the material properties of the expandable tubular member. 
As illustrated in Fig. 7c, a fluidic material 770 may fiien be injected through the 

25 £qn>^^ 700 ttirough the passages 710, 720, and 745 in order to test the proper operation 
of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may fiien be 
injected through the apparatus 700 through the passages 710, 720 and 745 into the annulus 
between Oie apparatus and the wellbore 10. In this manner, an azmular barrier to fluid 
30 migration into and out of the wellbore 1 0 may be formed around die radially expanded 
expansion cone launcher 735 and expandable tubular member 755. The hardenable fluidic 
sealing material may include, for example, a cement mixture, hi several alternative 
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embodiments, the injection of (he hardenable fhiidic sealing material 775 may be omitted. 
In several alternative mibodiments, the hardenable fluidic sealing material 775 is 
compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e» a non-hardenable fluidic material 780 may then be 
5 injected into the q>paiatus throu^ the passages 710 and 720* A ball plug 785, or oHi^ 
similar device, may then be injected with die fluidic material 780 to tiiareby seal offtiie 
passage 745. In ^s manner, the region 750 niay be pressurized by the continnedm^ 
of ttie fluidic material 780 into the q)paratus 700. 

As illustrated in Figs. 7f and 7g, the continued injection of the fluidic material 780 
10 into the apparatus 700 causes the expansion cone laundier 735 and expandable tubular 
member 755 to be plastically defomied and radially expanded ofiT of the expansion cone 
715. The resulting structure includes a lip 790. 

After completing the plastic deformation and radial expansion of the tubular 
member 755, tiie hardenable fluidic sealing material is allowed to cure to tfa^eby form an 
1 5 annular body 795 that provides a barrier to fluid flow into or out of the wellbore 1 0. 

Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe using 
a conventional drilling device. A new section of die wellbore 10 may also be drilled out in 
order to permit additional expandable tubular m^bers to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 755. 
20 Referring to Fig. 7i, an additional tubular member 800 may then be plastically 

deformed and radially expanded in a conventional manner and/or by using one or more of 
the m^ods and apparatus described above in order to form a mono-diameter wellbore 
casing. Before, during or after the radial expansion of the tubular member 800» an annular 
body 805 of a fluidic sealing material maybe formed around the tubular member in a 
25 conventional manner and/or by using one or more of the methods and £q[>paratus described 
above. In a preferred embodiment, the hp 790 facilitates the coupling of the tubular 
memb^ 800 to the tubular member 755 by providing a region on which flie tubular 
member 800 may be easily coi^led onto. 

Referring to Fig. 8a, in an attemative embodunent, a weUbore 10 includes a 
30 preexisting section of wellbore casmg 15 and 900. The wellbore casing 900 includes 
sealing members 905a and 905b and a recess 910. An annular body 915 of a fluidic 
sealing material may also be provided around tfie casing 900. The casing 900 and annular 
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body 915 may be provided using any number of conventional methods, the methods 
desoibed above, and/or using one or more of the methods disclosed in the following: (1) 
U.S. pztcat {plication smal no. 09/454,139, attorney docket no. 25791.03.02, filed on 
12/3/1999, (2) U.S. patent aiq)lication serial no. 09/510,913, attorney docket no. 
S 25791 .7.02, filed on 2/23/2000, (3) US. patent application serial no. 09/502^50, attorney 
docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent q>plication smal no. 
09/440338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
^>plication serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) 
U.S. patmt application serial no. 09/512,895, attorn^ docket no. 25791.12.02, filed on 

10 2/24/2000, (7)U.S. patent ^plication smal no. 09/511,941, attorney docket no. 

25791.16,02, filed on 2/24/2000, (8) U.S. patent ^plication serial no. 09/588,946, attorney 
docket no. 25791.17.02, filed on 6/7/2000, (9) U-S. patent ^plication serial no. 
09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent 
application serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 

15 7/9/2000, (11) U.S. provisional patent plication serial no. 60/162,671, attorney docket 
no. 25791 .27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, 

20 filed on 10/12/1999, (15) U.S. provisional patait application serial no. 60/159,033, 

attomqr docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 

s^ no. , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 
1 1/12/1999, (18) U.S. provisional patent appUcation serial no. , attomey 

25 dock^ no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attomey docket no. 25791.46, filed on 7/28/2000, and(20)U.S. 

provisional patent plication serial no. , attomey docket no. 25791 .47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

Refaxing to Fig. 8b, an ^aratus 1000 for radially expanding a tubular member is 

30 thm positioned wifliin die wellbore 10 that includes a tubular support member 1005 that 
defines a passage 1010 for conveying fluidic materials. A hydraulic locking device 1015 
that defines a passage 1020 for conveying fluidic materials that is fluidicly coiq>led to the 
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passage 1010. The locking device 1015 finther includes inlet passages, 1020a and lQ20b, 
actuating chambers, 1025a and 1025b, and locking m^bers, 1030a and 1030b. During 
operation, the injection of fluidic materials into the actuating chambers, 1025a and 1025b, 
causes the locking memb^, 1030a and 1030b, to be displaced outwaidly in the radial 
5 direction. In fliis manner, the locking device 1015 noiay be controlla^ 

tubular mCTiber to Hietdby maintain tfie tubular member in a substantially statioiuuy 
position. As wiU be xecognized by persons having ordiiiaiyddU in the art, the operate 
pressures and physical sh^e of the inlet passages 1020, actuatmg chambers 1025, and 
locking members 1030 will determine the maximum amount of holding force provided by 

10 the locking device 1015. In several alternative embodiments, fluidic materials maybe 
injected into the locking device 1015 using a dedicated fluid passage in order to provide 
precise control of the locking device. In several alternative embodiments, the locking 
device 1015 may be omitted and the tubular support memb^ 1005 coupled directly to the 
tubular support member 1035. 

1 5 One end of a tubular support member 1 035 that defines a passage 1 040 is coupled 

to the locking device 1015. The passage 1040 is fluidicly coupled to the passage 1020. 
An expansion cone 1045 that defines a passage 1050 and includes an outer conical surface 
1055 is coiq)led to another end of the tubular support member 1035. An expansion cone 
launcher 1060 is movably coupled to and supported by the expansion cone 1045. The 

20 expansion cone launcher 1060 includes an upper portion 1060a having an upper outside 
diameter, an intermediate portion 1060b that mates with the expansion cone 1045, and a 
lower portion 1060c having a lower outside diameter. The lower outside diameter is 
greater than the upper outside diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to the lower portion 

25 1060c of the expansion cone launch^ 1060. In this manner, a region 1075 below the 

expansion cone 1045 and bounded by the expansion cone launcher 1060 and the shoe 1065 
may be pressurized and fluidicly isolated fiom the annular region between the iqpparatns 
1000 and flie wellboie 10. 

An expandable tubular member 1080 is coupled to the ixpper portion of the 

30 expansion cone launGha* 1060. In several ahemative onbodtments, one or more sealing 
members are coiq>led to the exterior of the upper portion of the expandable tubular 
member 1080. In several alternative embodiments, the sealing mraibers may include 
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elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative »ibodiments, one or more anchoring elemmts may substituted for, or used in 
addition to, the sealing members. 

An ej^ansion cone 1085 defining a passage 1090 for receiving the tubular siq)port 
S member 1 005 includes an outer conical surfice 1095. A tubular siq)port member 1 100 
defining a passage 1 105 for recdving flie tubular support member 1005 is coupled to the 
bottom of the escpansion cone 1085 for supporting and actuating the expansion cone. 

M a preferred embodiment, the support members 1005 and 1035, the e3q>ansion 
cone 1045, the expansion cone launch^ 1060, the shoe 1065, and the expandable tubular 

10 member 1080 are provided substantially as disclosed in one or more of the following: (1) 
U.S. patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 
12/3/1999, (2) U.S. patent apphcation soial no. 09/510,913, attorn^ docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent ^plication serial no. 09/502,350, attorney 
dodcet no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 

15 09/440,338, attorney docket no. 25791,9.02, filed on 1 1/15/1999, (5) U.S. patent 

application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) 
U.S. patent ^plication serial no. 09/512,895, attorney docket no. 25791 .12.02, filed on 
2/24/2000, (7) U.S- patent application serial no. 09/51 1,941, attorney docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent ^pKcation serial no. 09/588,946, attorney 

20 docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 
09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent 
application serial no. PCT/USOO/18635, attorney docket no. 25791 J25.02, filed on 
7/9/2000, (11) U.S. provisional patent plication serial no. 60/162,671, attorney docket 
no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent q^plication serial no. 

25 60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
qipKcation serial no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent qiplication serial no. 60/159,039, attorney docket no. 25791.36, 
filed on 10/12/1999, (15) U.S. provisional patent apphcation serial no. 60/159,033, 
attorney docket no. 2579137, filed on 10/12/1999, (16) U.S. provisional patent plication 

30 serial no. , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent ^Ucation serial no. 60/165,228, attomey docket no. 25791.39, filed on 
1 1/12/1999, (18) U.S. provisional patait apphcation serial no. , attomey 
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docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent ^plication serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 
5 As illustrated in Fig. 8b, in a preferred embodiment, during placraient of the 

apparatas 1000 witibtin the wellbore 10, fluidic materials 1110 wifliin flie wellboie 10 are 
conveyed Ifarou^ tiie apparatus 1000 through the passages 1010, 1020, 1040 and 1070 to a 
location above the iqyparatus 1000. hi this manner, surge pressures during placement of 
the £qpparatus 1000 within the wellbore 10 are reduced In a preferred embodiment* the 

10 apparatus 1000 is initially positioned within the wellbore 10 such fiiat the top portion of 
ttie tubular member 1080 overlaps with the recess 910 of the preexistmg casing 900. hi 
Ais mann^, tlie upper portion of the expandable tubular member 1080 may be radially 
expanded into contact with and co\q>led to the recess 910 of tfie preexisting casing 900. 
As illustrated in Fig. 8c, a fluidic material 1115 may then be uijected tiuou^ the 

15 apparatus 1000 ttirougjli the passages 1010, 1020, 1040, and 1070 in order to test the 
proper operation of these passages. 

As illustrated ia Fig. Sd, a hardenable fluidic sealing material 1 120 may then be 
mjected through the apparatus 1000 throu^ the passages 1010, 1020, 1040, and 1070 into 
the aimulus between the apparatus and the wellbore 1 0. In this manner, an annular barrier 

20 to fluid migration into and out of the wellbore 1 0 may be formed around the radially 
expanded expansion cone launch^ 1060 and expandable tubular member 1080. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In several 
alternative embodiments, the injection of the hardenable fluidic sealing material 1 120 may 
be omitted. In several alternative embodiments, the hardenable fluidic sealing material 

25 1 120 is compressible, before, during and/or after, die curing process. 

As illustrated in Fig. 8e, a non-hardenable fluidic material 1 125 may then be 
iigected into the apparatus 1000 through flie passages 1010, 1020 and 1040. A ball plug 
1130, or odier sunilar device, may tfam be injected with the fluidic matoial 1125 to 
thereby seal offdie passage 1070. In diis manner, die region 1075 may be pressurized by 

30 the continued injection of the fluidic mat^al 1 125 into the ^paratus 1000. Furthermore, 
in this manner, the actuating chambers, 1025a and 1025b, of die locking device 1015 may 
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be pressurized In this manner, (he tubular member 1080 may be held in a substantially 
stationary position by flie locking device 1015. 

As illustrated in Fig. 8f, the expansion cone 1085 may then be actuated in the 
downward direction by a direct application of axial force using the support member 1 1 00 
5 and/(»r through the plication of fluid force. The axial displaconent of the expansion 
cone 1085 may plastically deform and radially expand ^e yspper portion of the expandable 
tubular member 1080. In this manner, the upper portion of the e3q)andable tubular 
member 1080 may be precisely coi^led to the recess 910 of the preexisting casing 900. 

During the downward actuation of the expansion cone 1085, the loddng member 
10 1015 preferably prev»ts axial displacemrat of the tubular member 1080. hi a prefeired 
embodiment, the locking member 101 5 is positioned proximate the upper portion of the 
tubular member 1080 in order to prevent buckling of the tubular member 1080 during the 
radial expansion of the upper portion of the tubular member. In an altonative 
embodiment, the locking member 1015 is omitted and tiie interference between the 
1 S intermediate portion 1060b of the expansion cone launcher 1 060 and the expansion cone 
1045 prevents the axial displacemoit of the tubular monber 1080 during the radial 
expansion of the upper portion of Uio tubular member. 

As illustrated in Fig. 8g» the expansion cone 1085 and 1 100 may then be raised out 
ofthewellbore 10. 

20 As illustrated in Fig. 8h, the continued injection of the fluidic material 1 125 into 

the apparatus 1000 may th^ cause the expansion cone launcher 1060 and the expandable 
tubular member 1080 to be plastically deformed and radially expanded ofT of the 
expansion cone 1045. In this manner, the expansion cone 1045 is displaced relative to the 
e3q>ansiQn cone launcher 1060 and expandable tubular member 1080 in the axial direction. 

25 In a preferred embodiment, the axial forces created during the radial expansion process are 
greater than tiie axial forces generated by ttielockmg device 1015. As will be recognized 
by persons having ordinary skill in the art, tiie precise relationship betwew Oiese axial 
forces will vary as a fonction of the cp^ting characteristics of the locking device 1015 
and the metallurgical properties of tiie expansion cone launcher 1060 and expandable 

30 tubular 1080. In an dteniative embodiment, the operating pressures of the actuating 

chambers, 1025a and 1025b, and tire region 1075 are separately controllable by providing 
s^arate and dedicated fluid passages for pressurizing each. 
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As illustrated in Fig. 81, after completiiig the plastic deformation and radial 
expansion of the tubular m^nber 1080, the hardenable fluidic sealing material is allowed 
to cure to thereby form an aimular body 11 30 that provides a banier to fluid flow into or 
out of the wellbore 10. The shoe 1065 may then removed by drilling out the shoe using a 
5 conventional drilling device. A new section offhe wellbore 10 may also be drilled out in 
order to pemiit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 1080. 

ia an alternative mibodiment, flie annular body 1130 may be omitted. In several 
alternative embodiments, the annular body 1130 may be radially compressed before, 
10 during and/or after curing. 

Referring to Fig. 8j, the tubular member 1080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter wellbore 
casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 1205 
15 and a lower preexisting casing 1210. The casings, 1205 and 1210, may further include 

outer annular layers of fluidic sealing materials such as, for example, cement. The ends of 

the casings, 1205 and 1210, are separated by a g^ 1215. 

Referring to Fig. 9b, a tubular member 1220 may then be coupled to the opposing 

ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In a preferred 
20 eiDbodiment, the tubular mmiber 1220 is coiq>led to the opposing ends of the casings, 

1205 and 1210, by plastically deforming and radially expanding the tubular member 1220 

using one or more of the methods and apparatus described and referenced above. 

Refetiing to Fig. 9c, a radial expansion device 1225 may then be positioned within 

the tubular member 1220. Jn a prefened embodiment, the length of the radial expansion 
25 device 1225 is greater fhssx or equal to the axial l^gth of the tubular member 1220. In 

several alt^native ^bodiments, the radial expansion device 1225 may be any number of 

conventional radial e}q>ansion devices such as, for exanQ>le, expansion cones actuated by 

hydraulic and/or direct axial force, roller e?q)ansion devices, and/or expandable hydraulic 

bladders. 

30 Refming to Figs. 9d and 9^ after actuation and subsequent de-actuation and 

rCTioval of the radial expansion device 1225, the inside diam^ers of the casings, 1205 and 
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1210, are substantially equal to the inside diameter of the tubular member 1220. In tills 
manner, a mono-diameto: wellbore casing may be formed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 and 
an inner tubular member 1310. In a pref<3red embodiment, the tubular members, 1305 and 
S 1310, axe plastically deformed and radially expanded using one or more of the methods 
and apparatus described and referenced above. In this manner, a wellbore casmg maybe 
provided whose burst and collq)se strengfli may be precisely controlled by varying the 
number, thickness, and/or material prcq>erties of the tabular members, 1305 and 1310. 
Reforing to Fig. 1 la, a wellbore 1400 includes a casing 1405 that is coupled to a 

10 preexistmg casing 141 0. In a prefored embodiment, one or more sealing members 1415 
are coupled to the exterior of the upper portion of fhe tubular member 1405 in order to 
optimally seal the inter&ce between the tubular member 1405 and the preexisting casing 
1410. In a preferred embodiment, the tubular mmnber 1405 is plastically deformed and 
radially expanded using conventional methods and/or one or more of the methods and 

15 qjparatus desoibed and referenced above. In an exenq)lary embodiment, the outside 

diameter of the tubular member 1405 prior to ttie radial expansion process is ODq, the wall 
thickness of the tubular member 1405 prior to the radial expansion process is t^, the 
outside diameter of the tubular member following the radial expansion process is OD^, and 
the wall thickness of the tubular member following the radial expansion process is tj. 

20 Referring to Fig. 1 lb, a tubular member 1420 may then be coupled to the lower 

portion of the tubular member 1405 by plastically deforming and radially expanding the 
tubular member 1420 using conventional methods and/or one or more of the methods and 
apparatus described and referenced above. In a preferred embodiment, the exterior surface 
of the upper portion of the tubular memb^ 1420 includes one or more sealing members for 

25 sealing the interface between the tubular member 1420 and the tubular member 1405. 

Referring to Fig. 1 Ic, lower portion of the tubular member 1405 and the tubular 
member 1420 may be radially expanded again to provide a mono-^iamet^ wellbore 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the metihods and sq[vparatus described and referenced above. In an 

30 exemplary embodiment, the outside diam^er and wall thickness of the lower portion of 
the tubular member 1405 after the additional radial e}qpansion process are ODj andts. 
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The radial expansion process of Figs. 1 lb-1 Ic can then be rqieated to provide a 
mono-diameter wellbore casing of virtually unlimited length. 

In several altemative embodiments, the ordering of the radial expansions of Ihe 
tubular members, 1405 and 1420, may be changed. For example, the first tubular memb^ 
S 1405 may be plastically deformed and radially expanded to provide a lower portion having 
the outside diameter OD2 and flie remaining portion having the outside diameter OD| . The 
tubular member 1420 may then be plastically deformed and radially expanded one or more 
times until the inside diameters of the tubular members, 1405 and 1420, are substantially 
equal. The plastic deformations and radial expansions of the tubular mCTobeis, 140S and 
10 1420, may be provided using conventional methods and/or one or more of the methods and 
apparatus described and referenced above. 

In an exen^laiy embodiment, the total expansion strain E of the tubular monber 
1405 may be expressed by the following equation: 

£=(OA-OZ>o)/QDo (1) 

1 5 where ODq = original outside diameter 

OD] = outside diameter after 1*^ radial expansion; and 
OD2 = outside diameter after radial ejq}ansion. 
FurQiermore, in an exemplary embodiment, where: (1) the exterior surface of the 
upper portion of the tubular member 1420 includes sealing members, and (2) the radial 
20 spacing between the tubular m^ber 1405 and the wellbore 1400 prior to the first radial 
expansion is equal to d, the outside diameters, OD] and OD2, of the tubular member 1405 
following the first and second radial expansions may be expressed as: 

OZ)i = QDo + 2rf+2/^ (2) 
C!D2 = OA + 2i?+2/2 (3) 

where ODq = tfaeoriginaloutsidediameterof the tubular member 1405; 
25 OD] - the outside diam^er of flie tubular member 1405 

following the first radial expansion; 
OD2 = the outside diam^er of the tubular member 1405 

following the second radial expansion; 
d = the radial spacing b^een the tubular m^b^ 1405 
30 and the wellbore prior to the first radial expansioi^ 
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t| = flie wall thickness of the tubular member 1405 after 

the first radial expansion; 
tz ^ tbie walltiiickness of ttie tubular member 1405 after 
the second radial expansion; and 
5 R - Ae thickness ofsealing member provided on the 

exterior surfibce of ttie tabular member 1420. 
Furthermore, in an exeiiq)laiy embodkn»t, for d approximately equal to 0^5 
inches and R approximately equal to 0. 1 inches, equation (1) can be i^roximated as: 

£ = (OJ"+3.7/o)/QDo (4) 

10 where to = theoriginal wall thickness of the tubular member 

1405. 

In an exemplary embodhnent, the total expansion strain of the tubular member 
1405 should be less than or equal to 0.3 in asAex to maximize the burst and coUs^se 
strength of the expandable tubular member. Therefore, fiom equation (4) the ratio of the 
1 5 original outside diameter to the original wall thickness (ODo/to) may be expressed as: 

QDo //o ^ 3.8/(03- 0.7/QDo) (5) 

Thus, in a preferred embodiment, for ODq less than 10 inches, the optimal ratio of 
the original outside diameter to the original wall thickness (ODf/t^ may be expressed as: 

0DJt,>\6 (6) 

20 hi this manner, for typical tubular mmbers, the burst and collapse strength of the 

tubular members following one or more radial expansions are maximized when the 
relationship in equation (6) is satisfied. Furtfafflnore, the relationships expressed in 
equations (1) through (6) are vaUd regardless of the ord^ or type of the radial expansions 
of the tubular member 1405. More generally, the relationships expressed hi equations (1) 

25 through (6) may be applied to the radial expansion of structures having a wide range of 
profiles such as, for example, triangular, rectangular, and oval. 

An apparatus for plastically deforming and radially expanding a tubular member 
has been described that includes means for plastically deforming and radially expanding a 
first portion of the tubular member to a first outside diameter, and means for plastically 

30 deforming and radially expanding a second portion of the tubular member to a second 
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outside diameter. In a preferred embodiment, the first outside diameter is greater than the 
second outside diamet^. Jn a preferred ^bodiment, the means for plastically deforming 
and radially expanding the first portion of the tubular member to the fixst outside diameter 
is removable. In a prefeired embodiment, the means for plastically defomiing and radially 
5 expanding the first portion of the tubular member to the first outside diameter is firangible. 
In a prefened embodiment, the means for plastically deforming and radially expanding the 
first portion of the tubular member to the first outside diameter is elastic. In a preferred 
embodiment, the means for plastically defonning and radially expanding the first portion 
of the tubular member to the first outside diametier includes means for applying a radial 

10 force to the first portion of the tubular member. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to the 
first outside diameter is inflatable. Jn a preferred embodiment, the means for plastically 
defomiing and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for flying radial pressure to the first portion of 

15 the tubular member. 

An apparatus for plastically defonning and radially expanding a tubular member 
has also been described that incl\ides a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular si^port member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface, a 

20 removable annular conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an end of 
the expansion cone launcher, ha a preferred embodiment, the conical sleeve is fi^ngible. 
In a preferred embodiment, the conical sleeve is elastic. In a preferred embodiment, the 

25 conical sleeve includes a plurality of arcuate elemmts. 

A method of plastically defonning and radially expanding a tubular m^iber has 
also been described fliat includes plastically deforming and radially expanding a portion of 
the tubular member to a first outside diameter, and plastically defonning and radially 
expanding another portion of the tabular member to a second outside diameter. In a 

30 preferred embodiment, the first diameter is greater than the second diameter. In a 
prefened embodiment, plastically deforming and radially expanding the portion of the 
tubular member includes ai^lying a radial force to the portion of the tabular member using 
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a corneal sleeve. In a preferred embodiment, conical sleeve is frangible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate elements. In a prefenred embodiment, plastically defoiming 
iand radially expanding the portion of the tubular member includes applying a radial force 
S to the portion ofthe tabular member using an inflatable bladder. In a prefenred 
embodiment, plastically defonning and radially expanding fte portion of Ae tubular 
member includes ^plying a radial force to the portion ofthe tubular membo: using a roller 
e?q>ansion device. 

A method of cotq>ling a first tubular member to a second tubular monber has also 

1 0 been described that includes plastically defonning and radially expanding a first portion of 
the first tubular memb^ to a first outside diameter, plastically defonning and radially 
expanding anotho: portion of the first tubular member to a second outside dianoietery 
positioning the second tubular member inside the first tubular m«iber in overlspping 
relation to the first portion of the first tubular member, plastically defonning and radially 

1 5 expanding the second tubular member to a third outside diameter, and plastically 

defonning and radially expanding the second tubular member to a fourth outside diameter. 
Hie inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a prefened ^bodiment, the first outside 
diameter is greater than the second outside diameter. In a preferred embodiment, 

20 plastically deforming and radially expanding the first portion ofthe first tubular member 
includes applying a radial force to the portion of the tubular member using a conical 
sleeve. In a prefened embodiment, the conical sleeve is fiangible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate clients. In a prefenred embodiment, plastically deforming 

25 and radially expanding the first portion of the first tubular member includes q>plying a 
radial force to the first portion ofthe first tubular member using an inflatable bladder. In a 
preferred embodiment, plastically deforming and radially expanding the first portion of the 
first tubular member includes applying a radial force to the first portion ofthe first tubular 
member using a roller expansion device. 

30 An apparatus for couphng a first tubular mCTiber to a second tubular member has 

also been described that includes means for plastically defonning and radially expanding a 
first portion of the first tubular member to a first outside diameter, means for plastically 
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defonning and radially expanding another portion of the first tubular member to a second 
outside diameter, means for positioning the second tubular member inside the first tubular 
mernb^ in overlapping relation to the fiist portion of the first tubular member, means for 
plastically defbrming and radially expandiag the second tubular member to a third outside 
S diameter, and means for plastically defomiing and radially expanding the second tubular 
member to a fourtti outside diameter. The inside diameters ofthe first and second tubular 
members afi» the plastic deformations and radial expansions are substanti^^ Iha 
preferred embodiment, the first outside diameter is greater than tiie second outside 
diameter. In a prefmed embodnnent, the means for plastically deforming and radially 

10 expanding the first portion of the first tubular member includes means fi>r applying a radial 
force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical sleeve 
is elastic. In a prefored embodiment, the conical sleeve includes a plurality of arcuate 
elements. In a preferred embodiment, the means for plastically defonning and radially 

1 S landing the first portion of the first tubular member includes means for applying a radial 
force to the first portion of the first tubular member using an inflatable bladder. In a 
preferred embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular memb^ includes means for applying a radial force to the first 
portion of the first tubular member using a ToUcr expansion device. 

20 An apparatus for forming a wellbore casing within a wellbore has also been 

described that includes means for siq)porting a tubular member witiiin the wellbore, means 
for plastically deforming and radially expanding a first portion of the tubular member to a 
first outside diameter, and means for plastically defonning and radially expanding a 
second portion of the tubular member to a second outside diameter. In a preferred 

25 embodiment, the first outside diameter is greater than the second outside diameter. In a 
preferred embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is removable. Id a preferred 
embodimmt, the means for plastically deforming and radially e^qpanding the first portion 
of the tubular member to the first outside diameter is finmgible. In a preferred 

30 embodiment, the means for plastically deforming and radiaUy expanding the first portion 
of tilie tubular member to the first outside diameter is elastic. In a preferred embodim^ 
the means for plastically defonning and radially e3q>andiiig the first portion of the tubular 



-48- 



wo 02/29199 PCT/USOl/30256 

member to the first outside diameter includes means for applying a radial force to the first 
portion oftfae tubular member. In a prefeired embodiment, the means for plastically 
deforming and radially expanding tfie first portion of the tubular memb^ to the first 
outside diameter is inflatable. Jn a prefeired embodiment, the means for plastically 
S deforming and radially sanding tiie first portion of the tubular member to the first 
outside diameter includes rolling means for q^lying radial pressure to the first portion of 
ttie tubular member. In a preferred embodiment, the apparatus fiuther includes means for 
foiming an annular body of a fluidic sealing material within an annulus between the 
tubular member and the wellbore. 

10 An ^)paratus for forming a wellbore casing within a wellbore has also been 

described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular siqiport member having a second fluid passage 
fluidicly coupled to the first fluid passage and an out^ conical surfiice, a removable 
annular conical sleeve coupled to the outer conical surface of the expansion cone, an 

1 5 annular expansion cone launcher coupled to the conical sleeve and a lower portion of the 
tubular member, and a shoe having a valveable passage coupled to an end of the expansion 
cone launcher. In a preferred embodiment, the conical sleeve is firangible. In a prefeired 
embodiment, the conical sleeve is elastic. In a prefenred embodiment, the conical sleeve 
includes a plurality of arcuate elements. 

20 A method of forming a wellbore casing within a wellbore has also been described 

that includes supporting a tubular member within a wellbore, plastically deforming and 
radially expanding a portion of the tubular member to a first outside diameter, and 
plastically deforming and radially expanding another portion of the tubular member to a 
second outside diameter. Li a preferred embodiment, the first diameter is greater than the 

25 second diameter. In a prefi^xed embodiment, plasticaUydefi>nning and radially ^qianding 
the portion of the tubular member includes q)plying a radial force to the portion of the 
tubular member using a conical sleeve, hi a preferred embodiment, the conical sleeve is 
fiangible. In a prefeired embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 

30 embodiment, plastically dejfoiming and radially expanding the portion of the tubular 
mCTber includes applying a radial force to the portion of tfxe tubular mCTiber using an 
inflatable bladder. In a prefeired embodiment, plastically deforming and radially 
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expanding the portion of the tubular member includes qyplying a radial force to the portion 
of fhe tubular member using a roller expansion device. In a preferred embodimmt, the 
mettiod fiulfaer includes injecting an amiular body of a hardenable fiuidic sealing material 
into an amiulus between the tubular member and the wellbore. Jn a preferred embodiment, 
5 the method fiirfiier includes curing the annular body of hardenable fiuidic sealing material. 

A method of forming a mono-diamrter wellbore casing within a wellbore has also 
been described that includes sqiporting a first tubular member within tfie wellbore, 
plastically deforming and radially expanding a first portion of fhe first tubular member to a 
first outside diameter, plastically deforming and radially expanding another portion of the 

10 first tubular member to a second outside diameto*, positioning the second tubular member 
inside the first tubular member in overlqyping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 

1 5 tubular members after the plastic deformations and radial expansions are substantially 
equal. In a preferred embodiment, the first outside diameter is greater than the second 
outside diameter, hi a prefored embodiment, plastically deforming and raxlially expanding 
the first portion of flie first tubular member includes applying a radial force to the portion 
of the tubular inember using a conical sleeve. In a preferred embodiment, the conical 

20 sleeve is fi:angible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a pref^red 
embodiment, plastically deforming and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred embodiment, plastically deforming and 

25 radially expanding the fiirst portion of the first tubular member includes applying a radial 
force to the first portion of the first tubular memb^ using a roller expansion device. In a 
preferred embodiment^ the method further includes injecting an annular body of a 
hardenable fiuidic sealing material into an annulus between the first tubular m^ber and 
the wellbore. M a preferred embodiment, the metiiod fiuther includes curing the annular 

30 body ofhardraable fiuidic sealing material la a preferred embodiment, the method 

further includes injecting an annular body of a hardenable fluidic sealing material into an 
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annuliis between the second tubular member and the wellbore. In a preferred embodiment, 
ttie method further inchides curing the annular body of haFdenable fluidic sealing material. 

An s^aratus for coupling a first tubular member to a second tubular memb er has 
also been described that includes means for plastically deforming axid radially e3q)anding a 
5 first portion of die first tubular memb^ to a first outside diameter, means for plastically 
deforming and radially expanding another portion of the first tubular member to a second 
outside diameter, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of die first tubular member, means for 
plastically deforming and radially expanding the secoxid tubular member to a third outside 

1 0 diameter, and means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of the first and second tubular 
members after the plastic defom[iations and radial expansions are substantially equaL Jn a 
preferred embodiment, the first outside diameter is greater than the second outside 
diametCT. In a preferred embodiment, the means for plastically deforming and radially 

1 S expanding the first portion of the first tubular m^b^ includes means for ^plying a radial 
force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is fiangible. In a preferred embodiment, the conical sleeve 
is elastic. In a preferred embodiment, the conical sleeve includes a plurality of arcuate 
elements. In a preferred embodiment, the means for plastically deforming and radially 

20 expanding the first portion of the first tubular member includes means for applying a radial 
force to the first portion of the first tubular member using an inflatable bladder. In a 
preffflred embodiment, the means for plastically deforming and radially expanding the first 
portion of fiie first tubular member includes means for applying a radial force to the first 
portion of the first tubular monber using a roller rapansion device. In a preferred 

25 embodiment, the apparatus fiulher includes means for injecting an annular body of a 
hardenable fluidic sealing material into an annulus between fiie first tubular member and 
the wellbore. In a preferred embodiment, the q>paratus finther includes means for curing 
the annular body of hardenable fluidic sealing mataial. In a preferred embodiment, the 
apparatus fiulher includes means for injecting an annular body of a hardenable fluidic 

30 sealing material into an aimulus between the second tubular member and the wellbore. hi 
a preferred embodiment, the apparatus fiirth^ includes means for curing the annular body 
of hardenable fluidic sealing material. 
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An qjparatus for plastically defonning and radially expanding a tubular member 
has also been described that includes means for providing a lipped portion in a portion of 
the tubular member, and means for plastically defonning and radially expanding anottier 
portion of ttie tubular m»iber. 
S An i^aratus for plastically defomiing and radially eTcpanding a tubular mraiber 

has also been described that includes a tubular siq>port member including a fibrst fluid 
passage, an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface^ an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 

10 ttie tubular member, a second annular portion coiq)led to the first annular portion that 

mates witii the out^ conical sur&ce of the expansion cone, a third annular portion coupled 
to file second annular portion having a first outside diam^er, and a fourdi annular portion 
coiq>led to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than the first outside diameter, and a shoe having a valveable 

1 S passage coupled to fourth annular portion of the expansion cone launcher. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes providing a lipped portion in a portion of the tubular 
member, and plastically defonning and radially expanding another portion of the tubular 
member. 

20 A method of coupling a first tubular member to a second tubular member has also 

been described that includes providing a lipped portion in a portion of the first tubular 
member, plastically deforming and radially expanding another portion of the first tubular 
member, positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and plastically 

25 drfonning and radially expanding flie second tubular member. The inside diameters of the 
first and second tubular members after die plastic deformations and radial expansions are 
substantially equal. 

An ^aratus for coi^ling a first tubular membo^ to a second tubular member has 
also been described that includes means for providing a liiq>ed portion in the first tubular 
30 member, means for plastically deforming and radially expanding another portion of the 
first tubular member, means for positioning the second tubular member inside ttie first 
tubular member in overlapping relation to the lipped portion of the first tubular member. 
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and means for plastically defonning and radially expanding the second tubular member. 
The inside diameters of Qie first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. 

An appmtus for forming a wellbore casing within a wellbore has also been 
S described that includes means finr siq^^orting a tubular m^ber within the wellbore, means 
for providing a lipped portion in the tubular metnber, and means for plastically deforming 
and radially expanding another portion of the tubular monber to a second outside 
diameter. 

An apparatas for forming a wellbore casing within a wellbore has also been 

1 0 described that inchides a tubular siq)port member including a first fluid passage, an 
expansion cone coupled to the tubular support memb^ having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical sur&ce, an annular 
expansion cone launcher including: a first annular portion coiq>led to a lower portion of 
the tubidar member, a second annular portion coupled to the first annular portion that 

1 5 mates with the outer conical surface of the esqiansion cone, a fimd annular portion coiq)led 
to the second annular portion having a first outside diameter, and a fourth annular portion 
coupled to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than the first outside diameter, and a shoe having a valveable 
passage coupled to foiuth annular portion of the expansion cone launcher. 

20 A method of forming a wellbore casing in a wellbore has also been described that 

includes supporting a tubular member within the wellbore, providing a lipped portion in a 
portion of the tubular member, and plastically deforming and radially expanding another 
portion of the tubular member. In a preferred embodiment, the method further includes 
injecting a hardenable fluidic sealing material in an annuhis between the tubular member 

25 and the wellbore. In a preferred embodiment, the method finiher includes curing the 
fluidic sealing material. 

A method of fonning a mono-diameter wellbore casing within a wellbore has also 
been described thai includes supporting a fiirst tubular member within the wellbore, 
providing a lipped portion in a portion of the first tubular member, plastically deforming 

30 and radially e3q)anding anotha portion of the first tubular member, positioning ttie second 
tubular member inside the first tubular member in overlapping relation to the lq>ped 
portion of the first tubular member, and plastically deforming and radially expanding the 
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second tubular member. Hie inside diameters of ttie first and second tubular members 
after the plastic deformations and radial e}q)ansions are substantially equal. In a preferred 
^bodiment, the method further includes injecting a haidenable ftuidic sealing material in 
an annuhis between the first tubular member and the wellbore. in a prefeired embodimmt, 
S tihemediodfiirther includes curing the fluidic sealing niateriaL In a prefened embodiment, 
die method figtfaer includes mjecting a hardenahle fluidic sealing mflterin! in ^ lynnulug 
between tfie second tubular member and the wellbore* in a preferred mbodimen^ ibc 
m^hod further includes curing the fluidic sealing material. 

An i^aratus for fomiing a mono-diam^er wellbore casing within a wellbore has 

1 0 also beoi described that includes means for providing a lipped portion in the fibrst tubular 
member^ means for plastically deforming and radially expanding another portion of the 
first tubular member, means for positioning the second tubular member inside tfie first 
tubular member in overlapping relation to the lipped portion of the first tubular member, 
and means for plastically defomiing and radially expanding the second tubular member. 

1 5 The inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a preferred embodim^t, the apparatus 
further includes means for injecting a hardenable fluidic sealing material in an annulus 
between the first tubular member and the wellbore. In a preferred embodiment, the 
apparatus further includes means for curing the fluidic sealing material. In a preferred 

20 embodiment, the apparatus further includes means for injecting a hardenable fluidic 

sealing material in an annulus between the second tubular member and the wellbore. In a 
preferred embodiment, the apparatus further includes means for curing the fluidic sealing 
mat^ial. 

An ^paratus for plastically deforming and radially expanding a tubular member 
25 has also been described that includes means for plastically deforming and radially 
expanding a first end of flxe tubular mraiber, and means for plastically deforming and 
radially expanding a second end of die tubular member. In a preferred embodiment, the 
q>paratus further includes means for anchoring the tubular member during the radial 
expansion. 

3 0 An apparatus for plastically defomiing and radially expanding a tubular memba" 

has also been described that includes a tubular si^ort member including a first passage, 
an expansion cone coupled to the tubular support having a second passage fiuidicly 
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coupled to the first passage and an outer conical sur&ce, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an expandable 
tubular member coupled to an end of the annular expansion cone launcher, a shoe coiq^led 
to another end of the annular expansion cone launcher having a valveable fluid passage, 
5 and another annular expansion cone movably coupled to the tubular support member. Hie 
annular expansion cones are positioned in qfyposite oriratations. Jr a preferred 
embodiment, the annular expansion cone is adapted to plastically deform and radially 
expand a first end of flie expandable tubular member and the other annular mansion cone 
is adapted to plastically deform and radially expand a second end of the expandable 

10 tubular member. In a prefen:edembodiment» the apparatus further includes an anchoru^ 
member coupled to the tubular support member ad^ted to hold the expandable tubular. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first end 
of the tubular memb^, and plastically defoiming and radially expanding a second end of 

IS the tubiilar member. In a preferred embodiment, the method further includes anchoring 
the tubular member during the radial expansion. In a preferred embodiment, the fiust end 
of the tubular member is plastically deformed and radially expanded before the second 
end. In a preferred embodiment, plastically deforaiing and radially expanding tiie second 
end of the tubular member includes injecting a fluidic material into the tubular member. 

20 A method of coupling a first tubular member to a second tubular member has also 

been described that includes positioning the second tubular member inside the first tubular 
member in an overlapping relationship, plastically deforming and radially expanding the 
end of the second tubular member that overl^s with the first tubular member, and 
plastically deforming and radially expanding the remaining portion of the second tubular 

25 member. In a prefenred embodiment, the method finlher includes plastically defonning 
and radially expanding at least a portion of the second tubular member, hi a preferred 
CTd>odiment, tiie inside diameters of the first and second tubular members are substantially 
equal after the radial expansions. 

An apparatus for coiq>ling a first tubular memb^ to a second tubular member has 

30 also been described that includes means for positioning the second tubular member inside 
the first tubular member in an overlappii^ relationship, means for plastically defonning 
and radially expanding the end of ttie second tubidar mraiber that overlaps witii the first 



•55- 



wo 02^199 PCTAJS01/302S6 

tubular member, and means for plastically deforming and radially expanding the r^aining 
portion of the second tubular memb^. In a preferred embodiment, the apparatus further 
includes means for plastically deforming and radially expanding at least a portion of the 
second tubular member. In a preferred embodiment, the inside diameters of the first and 
S second tubular members are substantially equal after the radial expansions. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, means 
for plastically deforming and radially expanding a first end of the tubular member, and 
means for plastically defi)rming and radially expanding a second end of the tubular 

10 member. In a preferred embodiment, the qjpaiatusfiulh^ includes means for anchor!^ 
the tubular member during die radial expansion. In a prefened embodiment, the apparatus 
finther includes means for injecting a haidenable fluidic sealing material into an annulus 
between tibie tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 

1 5 described diat includes a tubular support member including a first passage, an expansion 
cone coupled to the tubular support having a second passage fluidicly coiq)led to the first 
passage and an outer conical sur&ce, an annular expansion cone launcher movably 
coupled to outer conical surface of the expansion cone, an expandable tubular member 
coupled to an end of the annular expansion cone launcher, a shoe coi:f>led to another end 

20 of the annular expansion cone launcher having a valveable fluid passage, and another 
annular expansion cone movably coupled to the tubular support member. The annular 
expansion cones are positioned in opposite orientations. In a preferred embodiment, the 
annular expansion cone is ad^ted to plastically deform and radially e^and a first end of 
the expandable tubular memb^ and the othCT annular expansion cone is adapted to 

25 plasticaUy defonn and radiaUye3q>and a second end of the expandable tubular memW la 
a preferred embodiment, the apparatus fiirfher includes an anchoring member coupled to 
the tubular si^port member adapted to hold the e7q)andable tubular. 

A method of forming a wellbore casing within a wellbore has also beoi described 
that includes plastically deforming and radially expanding a first end of the tubular 

30 member, and plastically deforming and radially expanding a second end of the tubular 
membo^. In a preferred embodiment, tibie m^od fiirtfaer includes anchoring the tubular 
member diuring the radial expansion. In a preferred embodiment, the first end of the 
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tubular member is plastically deformed and radially expanded before the second end. In a 
preferred embodiment, plastically deforming and radially expanding the second end of the 
tubular member includes injectiag a fluidic noaterial into the tubular member. In a 
preferred embodiment, the method further includes injecting a hardenable fluidic sealing 
S material bato an annuhis between the tubular member and the wellbore. 

A method of forming a wellbore casmg wittin a wellbore has also been described 
that includes plastically deforming and radially expanding a first tubular m^ber within 
the wellbore, positioning a second tubular member inside the first tubular memb^ in an 
overlapping relationship, plastically deforming and radially expanding the end of the 

1 0 second tubular member that overlaps widi the first tubular m«)ber, plastically defomiing 
and radially expanding flie remaining portion of the second tubxdar mmiber. hi a preferred 
embodiment, the method fiirther includes plastically defomodng and radially expanding at 
least a portion of tiie second tubular member* In a preferred raibodiment, the inside 
diameters of the first and second tubular members are substantially equal after the radial 

1 S expansions. In a preferred embodiment, tiie me&od further inchides injecting a hardenable 
fluidic sealing material into an annulus between the first tubular member and the wellbore. 
In a preferred embodiment, the method further includes injecting a hardenable fluidic 
sealing material into an annulus between the second tubular member and the wellbore. 
An ^aratus for forming a wellbore casing within a wellbore has also been 

20 described that includes means for plastically deforming and radially expanding a first 
tubular member within the wellbore, means for positioning the second tubular member 
inside the first tubular member in an overlapping relationship, means for plastically 
deforming and radially expanding the end of the second tubular member that overlaps with 
the first tubular memb^, means for plastically defomiing and radially expanding the 

25 remaining portion of the second tubular member, in a preferred embodiment, the 

apparatus further includes means for plastically deforming and radially e}q)anding at least 
a portion of the second tabular member. In a prefored embodiment, tiie inside diametm 
of the first and second tubular members are substantially equal aft^ the radial expansions. 
In a preferred embodimCTt, the S9>paratas further includes means for injecting a 

30 hardenable fluidic sealing material into an armulus between the first tubular member and 
the wellbore. In a preferred embodiment, the apparatus finlher includes means for 
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injecting a hardenable fluidic sealing material into an amiulus between the second tubular 
member and the wellboie. 

An qrparatus for bridging an axial gap between opposing pairs of wellbore casing 
wiftin a wellbore has also been described that includes means for siqiporting a tabular 
S member in overk^ping relation to the opposing ends of the wellbore casings* means for 
plastically deforming and radially e7q)anding the tubular member, and means for plastically 
deforming and radially e3q[>anding Hhe tubidar member and the opposing ends of the 
weUbore casings. 

A method of bridging an axial gasp between opposing pairs of weUbore casing 
10 within a wellbore has also been described that inchides siq^orting a tubular member in 
overlapping relation to the opposing ends of the wellbore casings, plastically defomiing 
andradially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing ends of 
the wellbore casings. 

15 A method of fomiing a structure having desired strragth characteristics has also 

been described that includes providing a first tubular memba:, and plastically deforming 
and radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. . 

A method of fotming a wellbore casing within a wellbore having desired strength 

20 characteristics has also been described that includes plastically deforming and radially 
expanding a first tubular member within the wellbore, and plastically deforming and 
radially expanding additional tubular members onto the interior sinface of the first tubular 
mCTiber until the desired strength charact^stics are achieved. 

A method of coiq>ling a first tubular m^ober to a second tubular member, the first 

2 S tubular member having an origmal outside diameter ODo and an original wall thickness t^, 
has also been described that includes plastically defomQuig and radially esipanding a first 
portion of tiie first tubular member to a first outside diameter, plastically defiDrming and 
radially expanding another portion of tfie first tubular monb^ to a second outside 
diam^er, positioning the second tubular membo* inside the first tubular monber in 

30 overk^ping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding ttie second tubular member to a tiurd outside diamet^, and 
plastically deforming and radially expanding the second tubular member to a fourth 
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outside diameter, wherein the iiiiside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal, and 
wherein the ratio of tihe originai outside diameter ODq of the first tubular member to the 
origmal wall thickness to oftfae first tubular member is greatertbanor equalto 16. 
5 A method of fomiing a mono-diameter wellbore casing has also been described 

that includes positioning a first tubular member within a wellbore, ttie first tubular member 
having an original outside diamet^ ODo and an original wall ttuckness plastically 
deforming and radially expanding a first portion of fhe first tubular mooiber to a first 
outside diamet^, plastically deforming and radiaUy expanding another portion of the first 

10 tubular member to a second outside diameter, positioning die second tubular monber 
inside the first tubular member in overh^ing relation to the first portion of the first 
tubular member, plastically defi>miing and radially expanding the second tubular member 
to a third outside diameter, and plastically defonning and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 

15 tubular members after die plastic defomiations and radial expansions are substantially 
equal, and wherein the ratio of the original outside diameter ODq of the first tubular 
member to the origiaal wall thickness of the first tubular member is greater than or equal 
to 16. 

An apparatus has also been described that includes a plastically deformed and 
20 radially expanded tubular member having a first portion having a first outside diameter 
and a ranaining portion having a second outside diameter, wherein the ratio of the original 
outside diameter ODo of the first tubular member to the original wall thickness to of the 
first tubular membCT is greater than or equal to 1 6. 

An apparatus has also been described that includes a plastically deformed and 
25 radially expanded first tubular member having a first portion having a first outside 
diametCT and a rmiaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion of the 
first tubular member. The ratio of the origmal outside diameter ODo of tihe first tubular 
memb^ to the original wall thickness t^ of the first tubular member is greater than or equal 
30 to 16. In a preferred embodiment, the niside diamet^ of the first and second tubidar 
mCTabers are substantially equal. 
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A wellbore casing fonned in a wellboie has also been described that includes a 
plastically defonned and radially expanded first tubular member having a first portion 
having a first outside diam^er and a remaining portion having a second outside diameter, 
and a plastically deformed and radially expanded second tubular member coupled to the 
S first portion ofthe first tubular member. The ratio ofthe original outside diameter ODq of 
the first tubular member to the original wall thickness to of fhe first tubular member is 
great^thanorequalto 16. hi a preferred embodimmt, the inside diam^ers of the first 
and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically defonned and 
10 radially expanded tubular member, hi a preferred embodiment, the ratio ofthe origmal 
outside diameter ODq of the tubular member to the origmal wall thickness t^ of ttie tubular 
member is greater than or equal to 16. 

In several altemative embodiments, the methods and i^aratus described and 
referenced above may be used to form or repair wellbore casings, pipelines, and structural 
15 supports. 

Althou^ this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates a wide range of 
modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention without a corresponding use ofthe other features. 
20 Accordingly, it is ^ropriate that readers should construe the q>pended claims broadly, 
and in a manner consistent with the scope of the invention. 
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Claims 

What is claimed is: 

11. An zppdXBtas for plastically defbiming and radially expanding a tubular member, 

2 conq)rising: 

3 means for plastically defonning and radially esqpanding a first portion of the tubidar 

4 member to a first outside diameter, and 

5 means for plastically defonning and radially expanding a second portion of the 

6 tubular member to a second outside diameter. 

1 2. The apparatus of claim 1, herein tiie first outside diameter is greater ti 

2 second outside diameter. 

1 3. The apparatus of claim l,i?vfaa:ein the means for plastically deforming andradially 

2 expanding the first portion of the tubular member to the first outside diameter is 

3 rCTiovable. 

1 4. The apparatus of claim 1 , wherein the means for plastically defonning and radially 

2 expanding the first portion of the tubular member to the first outside diameter is firangible. 

1 5 . The ^aratus of claim 1 , wherein the means for plastically deforming and radially 

2 expanding the first portion of the tubular member to the first outside diameter is elastic. 

1 6. The s^aratus of claim 1 , wherein the means for plastically defonning and radially 

2 expanding die first portion of the tubular member to the first outside diameter comprises 

3 means for applying a radial force to the first portion of the tubular member. 

1 7. The apparatus of claim 1, wherein the means for plastically deforming and radially 

2 expanding die first portion of the tubular member to the first outside diameter is inflatable. 

1 8. The £^paratus of claim I, wherein the means for plastically deforming and radially 

2 expanding the first portion of the tubular member to the first outside diameter includes 

3 rolling means for applying radial pressure to the first portion of the tubular member. 
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19. An s^paratus for plastically defoiming and radially expanding a tubular mmber, 

2 comprising: 

3 a tubular support member including a first fluid passage 

4 an expansion cone coupled to the tubular siqyport member having a second fluid 

5 passage fiuidicly coupled to the first fluid passage and an outer conical 

6 suifiice; 

7 a removable annular conical sleeve coupled to the outer conical sur&ce of the 

8 expansion cone; 

9 an annular expansion cone launcher coupled to the conical sleeve and a lower 

10 portion of the tubular member; and 

11 a shoe having a valveable passage coupled to an end of the expansion cone 

12 launcher. 

1 1 0. The apparatus of claim 9, wherein the conical sleeve is frangible. 

1 11. The apparatus of claim 9» wherein the conical sleeve is elastic. 

1 1 2. The q^paratus of claim 9, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 13. A method ofplasticaUydefornung and radiaUy expanding a tubular member, 

2 comprising: 

3 plastically deforming and radially expanding a portion of the tubular member to a 

4 first outside diam^^ and 

5 plastically deforming and radiaUy expanding anoflier portion of the tubular member 

6 to a second outside diameter. 

1 14. The method of claim 13» wherein the first diameter is greater than the second 

2 diameter. 
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1 IS. The method of claim \3, wherem plastically deforming and radially expanding the 

2 portion of the tubiilar member conq)rises: 

3 q^lying a radial force to the portion of the tubular member using a conical sleeve, 
1 16. The method of claim 15, wherran the conical sleeve is frangible. 

1 17. The method of claim 15, wherein the conical sleeve is elastic. 

1 18. The method of claim 15, wherem the conical sleeve conq)rises a plurality of 

2 arcuate elmients. 



1 19. The method of claim 13, wherein plastically deforming and radially expanding fhe 

2 portion of tfie tubular member comprises: 

3 applying a radial force to the portion of the tubular member using an inflatable 

4 bladder. 

1 20. The method of claim 13, wherein plasticaUy deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 applying a radial force to ^e portion of the tubular member using a roller 

4 expansion device. 

1 21. A method of coupling a first tubular memb^ to a second tubular member, 

2 comprising: 

3 plastically deforming and radially expanding a jSrst portion of the first tubular 

4 member to a first outside diameter 

5 plastically defonning and radially expanding another portion of the first tubular 

6 member to a second outside diameter, 

7 positioning the second tubular member inside the first tubular member in 

8 overl£Vping relation to the first portion of tiie first tubular member, 

9 plastically deforming and radially expanding the second tubular member to a ftird 
10 outside diameter, and 
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1 1 plastically defonning and radially expazuiing the second tubular member to a fourfli 

12 outside diameter; 

13 wherein the inside diameters of the first and second tubular members after the 

1 4 plastic deformations and radial expansions are substantially equal. 

1 22. The method ofclaim 21, wherein file first outside diameter is greater than the 

2 second outside diamet^. 

1 23. The method ofclaim 21, wherein plasticaUy defonning and radiaUy expanding 

2 first portion of the first tubular member conq}rises: 

3 qiplying a radial force to fiie portion of the tubular mraiber using a conical sleeve. 
1 24. The method of claim 23, wherein the conical sleeve is fiangible. 

1 25. Hie method of claim 23, wherdn the conical sleeve is elastic. 

1 26. The method of claim 23, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 27. The mefliod of claim 21 , wherein plastically defonning and radially expanding the 

2 first portion of the first tubular member comprises: 

3 flying a radial force to the first portion of the first tubular member using an 

4 inflatable bladd^. 

1 28. The method of claim 2 1 , wh^ein plastically deforming and radially expanding the 

2 first portion of the first tubular member con^rises: 

3 applying a radial force to the first portion of the first tubular memb^ using a roU^ 

4 expansion device. 

1 29. An q)paratus for coiqpling a first tubular member to a second tubular member, 

2 comprising: 
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3 means for plastically defoiming and radially expanding a first portion of the first 

4 tubular member to a first outside diameter; 

5 means for plastically deforming and radially expanding another portion of the first 

6 tubular member to a second outside diameten 

7 means for positioning the second tubular member inside the first tubular m^ber in 

8 ov^lapping relation to the first portion of flie first tubular member; 

9 means &ft plastically deforming and radially eiq[>anding the second tubular member 

10 to a third outside diameter; and 

1 1 means for plastically deforming and radially expanding the second tubular member 

12 to a fourth outside diameter; 

13 wherein the inside diameters of the first and second tubular members after the 

14 plastic deformations and radial expansions are substantially equal. 

1 30. The ^paratus of claim 29, wherein Hxc first outside diameter is greater than the 

2 second outside diameter. 

1 31. The apparatus of claim 29, wherein the means for plastically deforming and 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for ^plying a radial force to the portion of the tubular member using a 

4 conical sleeve. 

1 32. The ^aratus of claim 3 1 , wherein the conical sleeve is firangible. 

1 33. The apparatus of claim 31, wherein the conical sleeve is elastic. 

1 34. Tlie iQipanitus of claim 3 1 , wherein the conical sleeve conq)rises a plurality of 

2 arcuate elements. 

1 35. The qyparatus of claim 29, wherein the means for plastically deforming and 

2 radially expanding tht first portion of tiie first tubular member comprises: 

3 means for applying a radial force to the first portion of the first tubular member 

4 using an inflatable bladder. 
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1 36. The qypaiatus of claim 29, wherein the means for plastically deforming and 

2 radially expanding 1ho first portion of the iBrst tabular member comprises: 

3 means for inlying a radial force to the first p ortion of the first tubular member 

4 using a roller expansion device. 
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1 37. An ^aratus for fonning a wellbore casing within a wellbore, comprising: 

2 means for supporting a tubular member within the wellbore^ 

3 means &r plastically deforming and radially expanding a first portion of the tubular 

4 mernb^ to a first outside diam^ei^ and 

5 means for plastically deforming and radially expanding a second portion of the 

6 tubular member to a second outside diam^er. 

1 38. Ilie qyparatus of claim 37, wha:eintiie first outside diameter is greater tiianflie 

2 second outside diameter. 

1 39. The qiparatQSofclaim 37, wherein the meaiis for plastically deforming and 

2 radiaOy expanding the first portion of the tubular member to the first outside diameter is 

3 removable. 

1 40. The apparatus of claim 37, wherein the means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter is 

3 firangible. 

1 41 . The apparatus of claim 37, wherein the means for plastically defomung and 

2 radially expanding the first portion of the tubular member to the first outside diameter is 

3 elastic, 

1 42. The s^paratus of claim 37, wherein the means for plastically defomung and 

2 radially expanding the first portion of the tubular mmiber to the first outside diameter 

3 conq>rises means for applying a radial force to the first portion of the tubular member. 

1 43. The q>paratus of claim 37, whereia the means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter is 

3 inflatable. 

1 44. The ^aiatus of claim 37, wherein the means for plastically deforming and 

2 radially e}q>anding the first portion of the tubular member to the first outside diameter 
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comprises rolling means for applying radial pressure to the first portion of the tubular 
member* 



1 45. The ^aiatus of claun 37, fiirOier comprising: 

2 means for forming an amiular body of a flmdic sealing material within an annulus 

3 between the tubular member and llie wellbore. 

1 46. An q>paratus for fonning a wellbore casing within a weUbore^comprisi^ 

2 a tubular si4>port monber including a first fluid passage; 

3 an expansion cone coupled to the tubular support member having a second fluid 

4 passage fluidicly coiq)led to the first fluid passage and an outer conical 

5 sur&ce; 

6 a removable annular conical sleeve coi^Ied to the outer conical surface of the 

7 expansion cone; 

8 an annular expansion cone launcher coiq)led to the conical sleeve and a lower 

9 portion of the tubular member; and 

10 a shoe having a valveable passage coupled to an end of the expansion cone 

1 1 launcher. 

1 47. The apparatus of claim 46, wherein the conical sleeve is firangible. 

1 48. The apparatus of claim 46, wherein the conical sleeve is elastic. 

1 49. The cq[yparatusofclaim 46, wherein the conical sleeve coxnprises a pliiraUty 

2 arcuate elements. 

1 50. A method of fimning a wellbore casing wiflun a wellbore, comprising: 

2 supporting a tubular member within a wellbore; 

3 plastically deforming and radially expandmg a portion of the tubular member to a 

4 first outside diameter; and 

5 plastically deforming and radially e3q)anding another portion of the tubular member 

6 to a second outside diameter. 
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1 5h The method ofclaim SO, wherein the fust diamet^ is greater th^ 

2 diameter. 

1 52. The method of claim SO, wherdn plastically defomiing and radially expanding the 

2 portion of the tubular member conqmses: 

3 q>plying a radial force to the portion of ttie tubular member using a conical sleeve. 
1 53. The method ofclaim 50, wherein die conical sleeve is fiangible. 

1 54. The method of claim 50, wherein the conical sleeve is elastic. 

1 55. The method of claim 50, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 56. The method of claim SO, wherein plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 applying a radial force to the portion of the tubular m^ber using an inflatable 

4 bladder. 

1 57. The method of claim SO, wherem plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 applymg a radial force to the portion of the tubular member using a roller 

4 expansion device. 

1 58. The method of claim 50, further comprising: 

2 injecting an annular body of a hardenable fluidic sealing material into an annulus 

3 between the tubular member and the wellbore. 

1 59. The method of claim 58, further coinpnsmg: 

2 curing the annular body of hardenable fluidic sealing material. 
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1 60. A method of fonning a mono-diameter wellbore casing within a welIbore» 

2 comprising: 

3 siqyporting a first tubular member within the wellbore; 

4 plastically deforming and radially expanding a first portion of the first tubular 

5 monber to a first outside diamet^; 

6 plasticaUy defi)nning and radially expanding another portion of the first tubular 

7 moxiber to a second outside diameter, 

8 positioning tiie second tubular m»iber inside the first tubular member in 

9 overlqiping relation to Hbc first portion of the first tubular membei; 

10 plastically defi)rming and radially isxpanding the second tubular member to a third 

1 1 outside diameter, and 

12 plastically deforming and radially expanding the second tubular member to a fourth 

13 outside diameter, 

14 wherein the inside diameters of the first and second tubular members after the 

1 5 plastic deformations and radial e^ansions are substantially equal. 

1 61 . The method of claim 60, wherein the first outside diameter is greater than the 

2 second outside diameter. 

1 62. The method of claim 60, wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member comprises: 

3 applying a radial force to the portion of the tubular member using a conical sleeve. 
1 63. The method ofclaim 62, wherein the conical sleeve is firangible. 

1 64. The method ofclaim 62, wherein the conical sleeve is elastic. 

1 65. The method ofclaun 62, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 66. The method ofclaim 60, wherein plasticaUy deforining and radiaUy expanding 

2 first portion of the first tubular member comprises: 
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3 applying a radial force to the first portion of the first tubular member using an 

4 inflatable bladder. 

1 67. The method of claim 60, wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member comprises: 

3 qiplying a radial force to the first pGition of the first tubular member using a roller 

4 expansion device. 

1 68. The method ofclaim 60, fiirOier comprising: 

2 injecting an annular body of a hard^Able fiuidic sealing material into an annulus 

3 between the first tubular member and the wellbore. 

1 69. The method of claim 68»ftrth^con9rising: 

2 curing the annular body of hardenable fiuidic sealing material. 

3 70. The method of claim 60, furth^ comprising: 

4 injecting an annular body of a hardenable fiuidic sealing material into an annulus 

5 between the second tubular member and the wellbore. 

1 71. The method of claim 70, further comprising: 

2 curing the annular body of hardenable fiuidic sealing material. 

1 72. An i^paratus for coupling a first tubular member to a second tubular member, 

2 comprising: 

3 means for plastically defoiming and radially expanding a first portion of the first 

4 tubular member to a first outside diameter; 

5 means for plastically defoimmg and radially expanding anoth^ portion of the first 

6 tubular member to a second outside diameten 

7 means for positioiung the second tubular member inside the first tabular member in 

8 overlapping relation to the first portion of the first tubular member; 

9 means for plastically deforming and radially expanding the second tubular member 
10 to a third outside diameter; and 
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1 1 means for plastically de&Tming and radially expanding the second tubular member 

12 to a fourth outside diameter; 

13 wherein the inside diameters of the first and second tubular members after die 

14 plastic deformations and radial expansions are substantially equal. 

1 73. The apparatus of claim 72, whordn the first oixtside diameter is grea^ 

2 second outside diameter. 

1 74. The qyparatus of claim 72, herein the means for plastically deforming and 

2 radially e}q>anding the first portion of the first tubular member coniprises: 

3 means for applying a radial force to the portion of the tubular member using a 

4 conical sleeve. 

1 75. The 2qiparatusofclaim 74, wherein the conical sleeve is firangible. 

1 76. The q>paratus of claim 74, wherein the conical sleeve is elastic. 

1 77. The apparatus of claim 74, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 78. The q)paratus of claim 72, wherein the means for plastically deforming and 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for applying a radial force to the first portion of the first tubular member 

4 using an inflatable bladder. 

1 79. The apparatus of claim 72, ^o^ein the means for plastically defomtiing and 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for sq>plying a radial force to the first portion of the first tubular member 

4 using a roller expansion device. 

I 80. The apparatus of claim 72, faxthet comprising: 
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2 means for injecdiig an anTiiilar body of a hardenable fhiidic sealing material into an 

3 amiulns between the fiist tubular member and the weUbore. 



1 81. The a|yparatus of claim 80, further conq)iismg: 

2 means for curing the annular body of hard«able iluidic sealing matmaL 

3 82. The a^aratus of claim 72, furth^ comprising: 

4 means for injecting an annular body of a hardmable iluidic sealing material into an 

5 annuhis between the second tubular member and the weUbore. 

1 83. The apparatus of claim 82, findier comprising: 

2 means for curing the annular body of hardenable fluidic sealing material. 
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1 84. AniqiparatusforplasticaUydefonningandradiaUy 

2 coiiq)risixig: 

3 means for providing a lipped portion in a portion of the tubular member; and 

4 means for plastically defomiing and radially e3q)anding anotiier portion of the 

5 tubular member. 

1 85. An ^aratusfDrplasticaUydefenning and radially e3q>anding a tubular member, 

2 comprising: 

3 a tabular support member including a first fluid passage; 

4 an eacpansion cone coiq)led to tfie tabular siqpport member having a second fluid 

5 passage fluidicly coupled to the first fluid passage and an outer conical 

6 sur&ce; 

7 an annular expansion cone launcher comprising: 

8 a first annular portion coitpled to a lower portion of &e tabular membo^, 

9 a second annular portion coupled to the first annular portion that mates with 

10 the outCT conical surface of the expansion cone; 

1 1 a third annular portion coupled to the second amiular i>ortion having a first 

12 outside diameter; and 

13 a fourth annular portion coupled to the third annular portion having a 

1 4 second outside diamet^ 

1 5 wherein the second outside diameto* is less than the first outside diameter; 

16 and 

1 7 a shoe having a valveable passage coupled to fourth annular portion of tihe 

1 8 expansion cone launch^. 

1 86. A method of plastically deforming and radially expanding a tubular member, 

2 conq>rising: 

3 providing a lipped portion in a portion of flie tubular mmiber; and 

4 plastically deforming and radially expanding another portion of the tubular 

5 member. 
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1 87. A method of coupling a first tubular member to a second tubular member, 

2 comprising: 

3 providing a lipped portion in a portion of the first tubular member, 

4 plastically deforming and radially expanding anoth^ portion of the first tubular 

5 member; 

6 positioning the second tubular member inside the first tubular m^bar in 

7 overhqyping relation to the lipped portion of the fibrst tubular member, and 

8 plastically deforming and radially expanding die second tubular member; 

9 wherein the inside diameters of die first and second tubular members after the 
10 plastic deformations and radial e}q>ansions are substantially equal. 

1 88. An apparatus for coupling a first tubular member to a second tubular member, 

2 comprising: 

3 means for providing a lipped portion m the first tubular member; 

4 means for plastically deforming and radially expanding another portion of the first 

5 tubular member; 

6 means for positioning the second tubular member inside the first tubular member in 

7 overlapping relation to the hpped portion of the first tubular member; and 

8 means for plastically deforming and radially expanding the second tubular 

9 member, 

1 0 wherein die inside diameters of the first and second tubular members after the 

1 1 plastic deformations and radial e?qpansions are substantially equal. 

1 89. An apparatus for forming a wellbore casing within a wellbore, comprising: 

2 means for supporting a tubular member within the wellbore; 

3 means for providing a ]q>ped portion in the tubular memben and 

4 means for plastically defonmng and radially expanding another portion of the 

5 tubular member to a second outside diameter. 

6 90. An apparatus for forming a wellbore casing within a wellbore, comprising: 

7 a tubular support member including a first fluid passage; 
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8 an expansion cone coupled to the tubular support member having a second fluid 

9 passage fluidicly coupled to the first fluid passage and an outer conical 

10 suiface; 

11 an annular expansion cone launcher comprising: 

12 a first annular portion coupled to a lower portion of the tubular member; 

13 a second annular portion coupled to the first annular portion that mates with 

14 the outer conical sur&ce of the expansion cone; 

15 a third annular portion coupled to the second annular portion having a first 

16 outside diameten and 

17 a fourth annular portion coiq>led to die third annular portion having a 

1 8 second outside diameter, 

1 9 wherein ttie second outside diameter is less than the first outside diameto^ 

20 and 

21 a shoe having a valveable passage coupled to fourth annular portion of the 

22 expansion cone launcher. 

1 91 . A method of foiming a wellbore casing in a weUbore, coniprising: 

2 supporting a tubular member within the wellbore; 

3 providing a lipped portion in a portion of the tubular member; and 

4 plastically deforming and radially expanding another portion of the tubular 

5 monber. 

1 92. The method of claim 91, further comprising: 

2 injecting a haidenable fluidic sealing material in an annulus between tfie tubular 

3 member and the wellbore. 

1 93. The method ofclaim 92, finrther comprising: 

2 curing the fluidic sealing material. 

1 94. A method of fonning a mono-diameter wellbore casing within a wellbore, 

2 con4)rising: 

3 supporting a first tubular mCTiber within the wellbore; 
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4 providing a lipped portion in a portion of the first tubular memben 

5 plastically deforming and radially 07q>anding another portion of the first tubular 

6 member; 

7 positioning the second tubidar member inside the first tubular member in 

8 overlqsping relation to ttie lipped portion of the first tubular member, and 

9 plastically deforming and radially expanding the second tubular memben 

10 iT^erein the inside diameters of the first and second tubular members after the 

1 1 plastic defisrmations and radial e3q)ansions are substantially equal. 

1 95. The method of claim 94, fiirtfaer comprising: 

2 mjecting a hardenable fluidic sealing material in an annulus between the first 

3 tubular member and the wellbore. 

1 96. The m^od of claim 95, further comprising: 

2 curing the fluidic sealing material. 

3 97. The method of claim 94, further comprising: 

4 injecting a hardenable fluidic sealing material in an annulus between the second 

5 tubular member and the weUbore. 

1 98. The method of claim 97, fiirther comprising: 

2 curing the fluidic sealing material. 

1 99. An ^paratus for forming a mono-diameter wellbore casing within a wellbore, 

2 comprising: 

3 means for providing a lipped portion in the first tubular memben 

4 means for plasticalfy deforming and radially expanding another portion of the first 

5 tubular mmiber; 

6 means for positioning the second tubular member inside the first tubidar mraiber in 

7 overlapping relation to the lipped portion of the first tubular member, and 
g means for plastically deforming and radially expanding the second tubular 

9 member; 
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wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 



1 100. The qyparatus of claim 99, further conqirising: 

2 means for injecting a hardenable fluidic sealing material in an annulus between ttie 

3 first tubular member and the wellbore. 

1 101. The apparatus of claim 100, fiirtfa^ conq>rismg: 

2 means for curing the fluidic sealing material. 

1 102. The qyparatus of claim 99, further comprising: 

2 means for injecting a hardenable fluidic sealing material in an annulus between the 

3 second tubular member and the wellbore. 

1 1 03. The apparatus of claim 1 02, fiirther comprising: 

2 means for curing the fluidic sealing material. 
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1 1 04. An apparatus for plastically deforming and radially e^qianding a tubtdar member, 

2 comprising: 

3 means for plastically defonning and radially expanding a first end of the tabular 

4 member; and 

5 means for plastically defimning and radially expanding a second end of the tabular 

6 member. 

1 1 OS. The iqyparatus of claim 104, further comprising: 

2 means for anchoring the tabular member during the radial expansion. 

1 106. An apparatus for plasticaUy deforming and radially expanding a tubular me^ 

2 comprising: 

3 a tubular support member including a first passage; 

4 an expansion cone coiq)led to the tubular support having a second passage fluidicly 

5 coupled to the first passage and an outer conical surface; 

6 an annular expansion cone laimcher movably coupled to outer conical surface of 

7 the expansion cone; 

8 an expandable tubular member coiq)led to an end of the annular expansion cone 

9 laimcher; 

10 a shoe coupled to another end of the annular expansion cone launcher having a 

1 1 valveable fluid passage; and 

12 another annular expansion cone movably coupled to the tubular support memb^, 

13 wherein the annular oqpansion cones are positioned in opposite orientations. 



1 1 07. The apparatus of claim 106, wherein the annular expansion cone is ads^ted to 

2 plastically deform and radially expand a first end of the expandable tubular member and 

3 the other annular expansion cone is adapted to plastically deform and radially expand a 

4 second end of the expandable tubular member. 

1 108. The £q>paratus of claim 106, farObec con^rising: 

2 an anchoring member coupled to the tubular support memb^ zdaspUA to hold the 

3 expandable tubular. 
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1 1 09. A method of plastically defonning and radially expanding a tubiilar member, 

2 comprising: 

3 plastically deforming and radially expanding a first end of tibie tubular member; and 

4 plastically deforming and radially esqianding a second end of tfie tubular member. 

1 1 10. The me&od of claim 109, fiiither comprising: 

2 anchoring the tubular member during the radial expansion. 



1 111. The me&od of claim 109, wherein the first end ofthe tubular member is plastically 

2 deformed and radially expanded before the second end. 

1 1 12. Tbe meOiod of claim 109, plastically defonning and radially expanding the second 

2 end of the tubular memhet comprises injecting a fluidic material into the tubular monber. 



1 113. A mediod of coupling a first tubular member to a second tubular member, 

2 comprising: 

3 positioning the second tubular member inside the first tubular member in an 

4 overlapping relationship; 

5 plastically deforming and radially expanding the end of the second tubular menober 

6 that overlaps with the first tubular member; 

7 plastically defomung and radially expanding flie remaining portion of the second 

8 tubular member. 

1 1 14. The method of claim 1 13, fiirther conQuising: 

2 plastically deforming and radially expanding at least a portion of the second tubular 

3 member. 

1 115. The method of claim 1 14, wherein the inside diameters of the first and second 

2 tubular members are substantially equal after the radial expansions. 
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1 116. An apparatus for coiipling a first tabular member to a second tubular member^ 

2 comprising: 

3 means for positioning the second tubular m^ber inside &e first tubular memb^ in 

4 an overl£q)ping relationship; 

5 means for plastically deforming and radially expanding the end of tiie second 

6 tubular member fiiat overlqts witti the first tubular member, 

7 means for plastically deforming and radially expanding the remaining portion of 

8 the second tubular member. 

1 1 17. The i^paiatas of claim 1 16, further conoprising: 

2 means for plastically deforming and radially expanding at least a portion of the 

3 second tubular member. 



1 118. The apparatus of claim 117, wh&Km the inside diameters of die first and second 

2 tubular members are substantially equal after the radial expansions. 



1 119. An apparatus for forming a wellbore casing within a wellbore, comprising: 

2 means for supporting a tubular member within the wellbore; 

3 means for plastically deforming and radially expanding a first end of the tubular 

4 member; and 

5 means for plastically deforming and radially expanding a second end of the tubular 

6 member. 

1 120. The apparatus of claim 1 1 9» further comprising: 

2 means for anchoring the tubular member during the radial expansion. 

1 121 . The apparatus of claim 119, further comprising: 

2 means for injecting a hardenable fluidic sealing material into an annulus b^een 

3 die tubular member and the wellbore. 

1 122. An apparatus for fonning a wellbore casing within a W6Ubore,coinprising: 

2 a tubular support member including a first passage; 
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3 an expansion cone coupled to the tubular support having a second passage fluidicly 

4 coi9>led to the first passage and an outer conical surface; 

5 an annular expansion cone launcher movably coiQ>led to outer conical surface of 

6 the eiqpansion cone; 

7 an expandable tubular monber coupled to an end of the annular expansion cone 

8 launcher; 

9 a shoe coiq>led to another end of the annular expansion cone launcher having a 

1 0 valveable fluid passage; and 

1 1 anotibier annular expansion cone movably coupled to the tubular support member; 

12 whorein the annular e3q)ansion cones are positioned in opposite orientations. 

1 123 . The apparatus of claim 122, wherein the annular expansion cone is ad^ted to 

2 plastically deform and radially expand a first end of the expandable tubular member and 

3 the other annular expansion cone is adapted to plastically deform and radially expand a 

4 second end of the expandable tubular member. 

1 124. The apparatus of claim 122, further comprising: 

2 an anchoring m^ber coupled to the tubular support member ad^ted to hold the 

3 expandable tubular. 

1 125. A method of forming a wellbore casing within a wellbore, comprising: 

2 plastically defbnning and radially expanding a first &id of the tubular member; and 

3 plastically deforming and radially expanding a second end of the tubular member. 

1 126. The mefliod of claim 12S» further comprising: 

2 anchoring the tubular member during the radial expansion. 

1 127. The mediod of claim 12S» wherein fb^ first end of the tubular member is plastically 

2 deformed and radially expanded before the second end. 

1 128. The method of claim 125, plastically deforming and radially ^pandmg ttie second 

2 end of the tubular member comprises ixgecting a fluidic material into the tubular member. 
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1 129. The method of claim 125, further comprising: 

2 injecting a hardenable fluidic sealing material mto an annulus between the tubular 

3 member and the wellbore. 

1 130. A method of forming a wellbore casing within a wellbore, comprising: 

2 plastically defonning and radially expanding a JBrst tubular member within the 

3 wellbore; 

4 positioning a second tubular member inside the first tubular member in an 

5 overlq)ping relationship; 

6 plastically defonning and radially expanding fbe end of the second tubular member 

7 that ov6rlsq)s with the first tubular manbei; 

8 plastically defonning and radially expanding the remaining portion of the second 

9 tubular member. 

1 131. The method of claim 130, finther comprismg: 

2 plastically defonning and radially expanding at least a portion of tfie second tubular 

3 member. 

1 132. The method of claim 131, wherein the inside diameters of the first and second 

2 tubular members are substantially equal after the radial expansions. 

1 133. The method of claim 1 30, fiuther comprising: 

2 injecting a hardenable fiuidic sealing material into an annulus between the first 

3 tubular member and the wellbore. 

1 1 34. The method of claim 130, finrther comprising: 

2 injecting a hardenable fluidic sealing material into an annulus between the second 

3 tubular member and the wellbore. 

1 135. An apparatus for forming a wellbore casing within a wellbore, conq)rising: 
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2 means for plastically deforming and radially expanding a fiist tubular member 

3 within the wellbore; 

4 means for positiomng the second tubular member inside the first tubular member in 

5 an oved£^ing relationshq); 

6 means for plastically deforming and radially e3q>anding the end of the second 

7 tubular member that overl^s with the first tubular membei^ 

8 means for plastically defimning and radially expanding the remaining portion of 

9 the second tubular member. 

1 136. The £qyparatus of claim 1 35, finther comprising: 

2 means for plastically deforming and radially eiq)anding at least a portion of the 

3 second tubular mraiber. 



1 137. The apparatus of claim 136, whereiQ the inside diameters of the first and second 

2 tubular mwibers are substantially equal after the radial expansions. 



1 138. The apparatus of claim 135, further comprising: 

2 means for injecting a hardenable fluidic sealing material into an annulus between 

3 the first tubular member and the wellbore. 

1 1 39. The apparatus of claim 135, further comprising: 

2 means for injecting a hardenable fluidic sealing material into an annulus between 

3 the second tabular member and the wellbore. 
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1 140. An 2qpparatus for bridgiDg an axial gap between opposing pairs of wellbore casing 

2 wifiiin a wellbore, conqirising: 

3 means for supporting a tubular member in overlapping relation to the opposing 

4 ends of the wellbore casings; 

5 means for plastically defonning and radially expanding the tubular member; and 

6 means for plastically deforming and radially expanding the tubular member and the 

7 opposing ends of file wellbore casings. 

1 141. A method ofbridging an axial gq>betweea opposing pairs of wellbore casing 

2 within a wellbore, comprising: 

3 supporting a tubular member in overlapping relation to the opposing ends of the 

4 wellbore casings; 

5 plastically defonning and radially eTcpanding the tubular member; and 

6 plastically defonning and radially expanding the tubular member and the opposing 

7 euds of the wellbore casings. 
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1 142. A method of forming a stmcture having de^ 

2 comprising: 

3 providing a first tubular member; and 

4 plastically defomiing and radially expanding additional tubular members onto the 

5 intmor sor&ce of the first tubular member until the desired strength 

6 characteristics are achieved. 



1 143. A mefliodofforming a wellbore casing within a weUbore having desired strength 

2 characteristics, CQnQ»rising: 



3 plastically deforming and radially expanding a first tubular member within the 

4 wellbore; and 

5 plastically deforming and radially expanding additional tubular members onto ttie 

6 interior sur&ce of the first tubular member until the desired str^gth 

7 characteristics are achieved. 
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1 1 44, A method of coupling a first tubular manber to a second tubular member, the first 

2 tubular member having an original outside diameter ODo and an original wall thickness t^, 

3 comprising: 

4 plastically deforming and radially expanding a first portion of the first tubular 

5 member to a first outside diameter; 

6 plastically deforming and radially expanding anottier portion of Hxe first tubular 

7 msanber to a second outside diameter, 

8 positioning the second tubular member inside the first tubular member in 

9 ovorlappmg relation to the first portion of tiie first tubular monber, 

10 plastically defi>nning and radially expanding the second tubular member to a tiiird 

1 1 outside diameto:; and 

12 plastically deforming and radially expanding the second tubular member to a fourth 

13 outside diameter; 

14 wherein ttie inside diameters of the Srsi and second tubular members after the 

15 plastic deformations and radial expansions are substantially equal; and 

1 6 wherein the ratio of the original outside diameter OD^ of the first tubular member 

17 to the original wall thickness of the first tubular member is greats than or 

18 equal to 16. 

1 145. A method of forming a mono-diameter wellbore casing, conq)rising: 

2 positioning a first tubular member within a wellbore, the first tubular member 

3 having an original outside diameter ODq and an original wall thickness to; 

4 plastically deforming and radially expanding a first portion of the first tubular 

5 member to a first outside diameter, 

6 plastically defonning and radially expandmg another portion of the first tubular 

7 member to a second outside diameter; 

8 positionii^ the second tubular memb^ inside the first tubular member in 

9 overlapping relation to the first portion of the first tubular member; 

10 plastically defonning and radially expanding the second tubular member to a thixd 

1 1 outside diameter; and 

12 plastically defonning and radially expanding the second tubular member to a fourth 

13 outside diameter, 
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14 wherein ttie inside diameters of the first and second tubular members after the 

15 plastic deformations and radial expansions are substantially equal; and 

16 wherein the rado of the original outside diameter ODq of the first tubular member 

17 to the original wall ttuckness to of the Sist tubular member is greater than or 

18 equal to 16. 

1 146. An apparatus, comprising: 

2 a plastically deformed and radially expanded tubular member having a first portion 

3 having a first outside diamrter and a remaining portion having a second 

4 outside diameter; 

5 wherein the ratio of file original outside diameter ODq of ttie first tubular member 

6 to the original wall thickness t^ of fiie first tubular member is greater than or 

7 equal to 1'6. 

1 147. An £q)paratus, comprising: 

2 a plastically deformed and radially expanded first tubular member having a first 

3 portion having a first outside diameter and a remaining portion having a 

4 second outside diameter, and 

5 a plastically deformed and radially expanded second tubular member coupled to 

6 the first portion of the first tubular m^nber; 

7 wherein the ratio of the original outside diameter ODq of the first tubular member 

8 to the original wall thickness of the first tubular member is greater than or 

9 equal to 16. 



1 148. The apparatus of claim 147, wherein ttie inside diameters of the first and second 

2 tubular members are substantially equal. 

1 149. A weUbore casing formed in a wellbore, comprising: 

2 a plastically deformed and radially expanded first tubular member having a first 

3 portion having a first oiitside diameter and a remaining portion having a 

4 second outside diameter, and 
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5 a plastically defonned and radially expanded second tubular member coupled to 

6 the first portion of the first tubular member, 

7 wh^ein Hit ratio of the original outside diameter OD^ of the first tubular member 

8 to the original wall thickness to of the first tubular member is greater than or 

9 equal to 16. 

1 150. The casing of claim 149, wherein the inside diametm of &e first and second 

2 . tubular members are substantially equal. 

1 151. An q)paratus, comprising: 

2 a plastically deformed and radially expanded tubular member; 

3 wherein the ratio of the original outside diameter ODq of the tubular member to the 

4 original wall thickness 1^ of the tubular member is greater than or equal to 

5 16. 
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AMENDED CLAIMS 
[received by the International Bureau on 04 March 2002 (04.03.02); 
new claims 152-159 added; remaining claims unchanged (5 pages)] 



1 1 50. The casing of claim 149» wherein the inside diameters of the first and second 

2 tubular members are substantially equal. 

1 151. An apparatus, comprising: 

2 a-plastically deformed and radially expanded tubular member; 

3 wheiein the ratio of the original outside diameter ODq of the tubular member 

4 to the original wall thickness to of the tubular member is greater than or 

5 equal to 16. 

1 152. (New) An qyparatus for plastically deforming and radially expanding a tubular 

2 member, comprising: 

3 means for coupling a first expansion cone to a second expansion cone; 

4 means for plastically deforming and radially expanding a first portion of the 

5 tubular member to a first outside diameter using the first and second 

6 expansion cones; 

7 means for plastically deforming and radially expanding a second portion of the 

8 tubular member to a second outside diameter using the second 

9 expansion cone; and 

10 means for decoupling the first and second expansion cones prior to plastically 

1 1 deforming and radially expanding the second portion of the tubular 

12 member to the second outside diameter; 

13 wherein the first outside diameter is greater than the second outside diameter. 

1 153. (New) A method of plastically deforming and radially expanding a tubular 

2 member, comprising: 
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3 plastically deforming and radially expanding a portion of the tubular member 

4 to a first outside diameter using a &st expansion cone coupled to a 

5 second expansion cone; 

6 decoupling the first and second expansion cones; and 

7 plastically deforming and radially expanding anotfier portion of the tubular 

8 member to a second outside diameter using the second expansion cone; 

9 wherein the first outside diameter is greater than the second outside diameter. 

1 154. (New) A method of coupling a first tubular member to a second tubular member, 

2 comprising: 

3 plastically deforming and radially expanding a first portion of the first tubular 

4 member to a first outside diameter using a first expansion cone coupled 

5 to a second expansicMi cone; 

6 decoupling the first and second expansion cones; 

7 plastically deforming and radially e^qpanding another portion of the first 

8 tubular member to a second outside diamet^ using the second 

9 expansion cone; 

1 0 positioning the second tubular member inside the first tubular member in 

1 1 overlapping relation to the first portion of the first tubular member; 

12 plastically deforming and radially expanding the second tubular member to a 

1 3 third outside diameter, and 

14 plastically deforming and radially expanding the second tubular member to a 

15 fourdi outside diameter; 

16 whereui the first outside diameter is greater than the second outside diameter, 

17 and 

18 wherein the inside diameters of the first and second tubular members aftw the 

19 plastic deformations and radial expansions are substantially equal. 

1 1 55 . (New) An ^paratus for coupling a first tubular member to a second tubular 

2 member, comprising: 
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3 means for plastically deforming and radially expanding a first portion of the 

4 first tubular member to a first outside diameter using a first expansion 

5 cone coupled to a second expansion cone; 

6 means for decoupling the first expansion cone from the second expansion 

7 cone; 

8 means for plastically deforming and radially expanding anoth^ portion of the 

9 first tubular member to a second outside diameter using the second 

10 expansion cone; 

1 1 means for positioning the second tubular member inside the first tubular 

12 member in ov^lapping relation to the first portion of the first tubular 

13 memben 

14 means for plastically deforming and radially expanding the second tubular 

15 member to a third outside diameter; and 

1 6 means for plastically deforming and radially expanding the second tubular 

17 member to a fourth outside diameter; 

1 8 wherein the first outside diameter is greater than the second outside diameter; 

19 and 

20 wherein the inside diameters of the first and second tubular members after the 

21 plastic deformations and radial expansions are substantially equal. 

1 156. (New) An apparatus for forming a wellbore casing within a wellbore, 

2 comprising: 

3 means for supporting a mbular member within the wellbore; 

4 means for plastically deforming and radially expanding a first portion of the 

5 tubular member to a first outside diameter using a first expansion cone 

6 coupled to a second expansion cone; 

7 means for decoiipling the first and second expansion cones; and 

8 means for plastically deforming and radially expanding a second portion of the 

9 tubular member to a second outside diameter using the second 

1 0 expansion cone; 

1 1 wherein the first outside dianoieter is greater than the second outside diameter. 
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1 157. (New) A method of fonning a wellbore casing within a wellbore, comprising: 

2 supporting a tubtilar memb^ within a wellbore; 

3 plastically deforming and radially expanding a portion of the tubular member 

4 to a first outside diameter using a first expansion cone coupled to a 

5 second expansion cone; 

6 decoupling the first and second expansion cones; and 

7 plastically deforming and radially expanding another portion of the tubular 

8 member to a second outside diameter using the second expansion cone; 

9 wherein the first outside diameter is greater than the second outside diameter. 

1 ISS. (New) A method of formmg a mono-diameter wellbore casing within a wellbore, 

2 comprising: 

3 supporting a first tubular member within the wellbore; 

4 plastically deforming and radially expanding a first portion of the first tubular 

5 member to a first outside diameter using a first expansion cone coupled 

6 to a second expansion cone; 

7 decoiq)ling the first and second expansion cones; 

8 plastically deforming and radially expanding another portion of the first 

9 tubular member to a second outside diameter using the second 

10 expansion cone; 

1 1 positioning the second tubular member inside the first tubular member in 

12 overlapping relation to the first portion of the first tubular member, 

13 plastically deforming and radially expanding the second tubular member to a 

14 third outside diameter; and 

1 5 plastically deforming and radially expanding the second tubular member to a 

16 fourth outside diameter, 

17 wherein the first outside diameter is greater than the second outside diameter; 

18 and 

19 wherein the inside diameters of the first and second tubular members after the 

20 plastic deformations and radial expansions are substantially equal. 
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1 159, (New) An apparatus for coupling a first tubular mraiber to a se5cx)nd tubular 

2 member, comprising: 

3 means for plastically deforming and radially expanding a first portion of the 

4 first tubular member to a first outside diameter using a first expansion 

5 cone coupled to a second expansion cone; 

6 means for decoupling the first and second expansion cones; 

7 means for plastically defonning and radially expanding another portion of the 

8 first tubular member to a second outside diameter using the second 

9 expansion cone; 

10 means for positioning the second tubular member uiside the first tubular 

11 member in overlq^nng relation to the first portion of the first tubular 

12 member; 

13 means for plastically deforming and radially expanding the second tubular 

14 member to a third outside diameter; and 

15 means for plastically deformmg and radially expandmg the second tubular 

16 member to a fourth outside diameter; 

1'^ wherein the first outside diamet^ is greater than the second outside diameter; 

18 and 

19 wherein the inside diameters of the first and second mbular members after the 

20 plastic deformations and radial expansions are substantially equal. 
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